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PLASMA DEVICE 



Technical Field 

The present invention relates to a plasma device. 

5 Backgroimd of the invention 

Recently, accompanying the increase in chip size of ULSI (ultra large scale 
integrated circuits), there has also been a tendency to increase the diameter of a silicon 
substrate used as a substrate for the ULSI. Since sheet leaf processing for handling 
substrates one at atime has become mainstream, if the substrate is increased in diameter 

10 there is a need for high speed processing of at least 1mm per minute in order to maintain 
high productivity if etching and fihn forming are carried out hi a plasma device for 
handling an increased diameter substrate enablmg high speed processing, it is essential 
to be able to generate high density plasma having an electron density in excess of 10" 
cm-^ and to obtain the flow of a large quantity of gas in order to efficiently remove a 

1 5 large amount of reaction products discharged ftom the substrate surface as a result of 
the^high speed processing, hi order to enable the generation of high density plasma, a 
paraUel plate type plasma device introducing a magnetic field has been developed. As a 
conventional plasma device of this type, a magnetron plasma etching device using a 
dipole rmg magnet is disclosed m, for example, Japanese Patent Laid Open No. Hei. 6- 

20 37054. 

Fig 43 is a schematic diagram of the conventional magnetron plasma etching 

Hev,c e using a dipole ring magnet. Fig. 43(a) shows the state at the time of etch ing, and 

Fig 43(b) shows the state at the tune of conveying the substrate, h. the drawmgs, 
reference numeral 4301 is a vacuum vessel, reference numeral 4302 is an electrode I, 
25 reference numeral 4303 is a substrate, reference num«al 4304 is a gas introduction 
openmg, reference numeral 4305 is a shower plate, reference numeral 4306 is a dipole 
ring magnet, reference numeral 4307 is a bellows, reference numeral 4308 is a porous 
plate, reference numeral 4309 is a gate valve, reference numeral 4310 is a substrate 
conveying port, reference numeral 4311 is a gas outlet, reference numeral 4312 is a 
30 vacuum pump, reference numeral 4313 is a matchmg circuit and reference numeral 

43 14 is a high ftequency power source. . j .>.. 

A. flie time of etching, source material gas ftat h^ been inttoduced ftom the 

gas inttoduction opening 4304 is discharged 6om a pluraUty of small holes m the 
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shower plate 4305. This source material gas and reaction product gas discharged from 
the substrate surface as a result of the etching reaction are discharged to the outside, 
through a side section of the electrode I 4302, the porous plate 4308 and the gas outlet 
4311, by the expel pump 4312. The porous plate 4308 causes a lowering of the gas 
conductance between a space above the substrate 4303 and the gas outlet 43 11, and is 
provided so as to make the gas flow substantially uniformly in a direction of rotation of 
the space above the substrate 4303. Since the gas is made to flow uniformly in a 
direction of rotation of the space above the substrate 4303, the gas conductance between 
the space above the substrate 4303 and the gas outlet 4311 is inevitably restricted and 
there is a problem that a large amount of gas can not flow. As a result, in high speed 
etching on large diameter substrates the etching rate is lowered, and a problem arises 
that the etching shape degenerates. 

At the time of conveying the substrate, the position of the electrode I 4302 is 
lowered, as in Fig. 43(b), and the substrate is conveyed through the gate valve 4309 and 
15 the substrate conveying port 4310 using an external substrate conveyance machine. The 
bellows 4307 are required in order to cause the electrode 1 4302 to move. At the time of 
plasma generation, power loss occurs due to high frequency current flowing in the 
bellows 4307, and there is a problem that the high frequency output power of the high 
frequency power source 4314 can not be efficiently suppUed to the plasma. Iliere is also 
a problem that a complex structure is required because the electrode I 4302 is made to 
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move. 
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A device using electron cyclotron resonance (ECR) is also known as a plasma 
device using microwaves. This device enabl^T^iTation-of-hrgh-density-uniform- 
plasma on a substrate, but since the method involves high density plasma being exerted 
locaUy caused to widely diffuse within the container and uniformly suppUed onto a 
object to be treated, installation of a shower plate is difficult, and it is difficult to 
promptly remove gases that are reaction by-products. 

As a high density plasma device using microwaves, a device using a radial Ime 
slot antenna is also known (Japanese patent laid-open No. Hei.8-1 11297). However, .f 
this device is put to practical use, it is not always possible to cause high density 
plasma to be generated stably over a long period of time. Also, the conditions for 
causing the generation ofplasma are not definite. 

The object of the present invention is to provide a plasma processing device. 
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within a narrow space inside a container that enables uniform formation of a high 
quality thin fihn on a large substrate at a low temperature and at high speed, by causing 
excitation of uniform high density plasma having a low plasma potential over a large 
surface area, making supply of source material gas uniforai, and swiftly removing 
5 reaction by-product gases by adopting a structure equivalent to a shower plate. The 
invention is ^pUcable to plasma processing other than an etching plasma process. 



Disclosure of the Invention 

A plasma device of the present invention comprises 
1 0 a container, the mside of which can be internally decompressed, and part of the 

inside being formed of a first dielectric plate made of material capable of passing 

microwaves with almost no loss, 

a gas supply system for supplying essential source material gas so as to cause 
excitation of plasma inside the container, ^ 
15 an exhaust system for expeUing source material gas supplied into the container 

and decompressing the inside of the container, 

an antemia, located facing an outer surface of the first dielectric plate and 
comprised of a slot plate and a waveguide dielectric, for radiating microwaves, and 

an electrode for holding a object to be treated located inside the container, a 
20 surface of the object to be treated that is to be plasma processed and a microwave 
radiating surface of the antemia being arranged in parallel substantially opposite to each 
other, and the plasma device carrying out plasma processing for the object to be treated, 
wherein, 

a wall section of the container outside the first dielectric plate is of a matenal 
25 comprising matter having a specific conductivity of 3.7 x lO'Q Vm ' or more, or the 
inside of the wall section is covered with this material, and 

when thickness of the material is d, the specific conductivity of the matenal is 
a, the magnetic permeabiUty of the vacuum is Ho. and the angular frequency of 
. nucrowavesradiatedfromtheantennais(0.thetMcknessdislargerthan(2/^o^^^ 
30 A plasma processing method of the present invention is a method usmg a 

plasma device comprising a container, the inside of which can be internally 
decompressed, and part of the inside being formed of a first dielectric plate made of 
material capable of passing microwaves with ahnost no loss, a gas supply system for 
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supplying essential sovirce material gas so as to caxise excitation of plasma inside the 
container, an exhaust system for expelling source material gas that has been supplied 
inside the container and decompressing the inside of the container, an antenna, located 
facing an outer surface of the first dielectric plate and comprised of a slot plate and a 
5 waveguide dielectric, for radiating microwaves, and an electrode for holding an object 
to be treated located inside the container, a surface of tbe object to be treated that is to 
be subject to plasma processing and a microwave radiating surface of the antenna being 
arranged in parallel substantially opposite to each other, and the plasma device carrying 
out plasma processing for tiie object to be treated, the power density of microwaves to 

10 be input being 1 .2 W/cm^ or more. This method assures stable generation of plasma. 

A plasma device of the present invention is provided with an electrode I mside 
a vacuum container, and a substrate to be subjected to processing using plasma is 
mounted so as to be connected to this electrode I. Magnetic field applymg means I and 
n are provided outside the vacuum container, for the purpose of applying a magnetic 

1 5 field to the inside of the plasma, and at least some of a gas that has been introduced into 
the vacuum container is expelled through a space between the magnetic field applying 
means I and II. 

A plasma device of the present invention is provided with two parallel plate 
type electrodes I and H inside a vacuum container, and a substrate to be subjected to 

20 processing using plasma is mounted so as to be connected to either the electrode I or the 
electrode U. Means for applying a magnetic field to the inside of the plasma are 
provided, and the electrode H comprises a central section, and an outer section 
connected to a high frequency power source that can be controllerind^eiTdentlynof-a- 
high frequency power source connected to the electrode I. 

25 A plasma device of the present invention is provided with an exhaust space 

formed directly communicating with an inlet of a vacuum pump, to the side of a fihn 
forming space above the substrate. 

A plasma device of the present invention comprises 

a container, the inside of which can be internally decompressed, and part of the 
30 inside being formed of a first dielectric plate made of material capable of passing 

microwaves witii almost no loss, 

a gas supply system for supplying essential source material gas so as to'cause 

excitation of plasma inside the container. 
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an exhaust system for expelling source material gas that has been supplied 
inside the container and decompressing the inside of the container, 

an antenna, located facing an outer surface of the first dielectric plate and 
comprised of a slot plate and a waveguide dielectric, for radiating microwaves, and 
5 an electrode for holding a object to be treated located inside the container, a 

surface of the object to be treated that is to be subject to plasma processing and a 
microwave radiating surface of the antenna being arranged in parallel substantially 
opposite to each ottier, and the plasma device carrying out plasma processing for the 
object to be treated, wherein, 
10 an exhaust space formed directly communicating with an inlet of a vacuum 

pump is provided to the side of a fihn forming space above the substrate. 

Brief description of the drawings. 

Fig. 1 is a cross section of a device relating to embodiment 1. 
15 Fig. 2 is a plan view showing one example of a radial line slot antenna used in the 
device of Fig. 1. 

Fig. 3 is the results of a plasma ignition test relating to the first embodiment, showing 
interdependence between microwave power and chamber material. 
Fig. 4 is the results of a plasma ignition test relating to the first embodiment, showing 
20 interdependence between plating fihn thickness and microwave firequency. 

Fig. 5 is a cross section of a device relating to embodiment 1 showmg the case where a 
plating layer is provided on an inner surface of the chamber. 

Fig. 6 is a cross section of a device relating to embodiment 1 showiiiglhe case wKere" 
the mner surface of the chamber is covered with a plate member comprising a 
25 prescribed material. 

Fig. 7 is a cross section of a device relating to embodiment 2. 

Fig. 8 is an enlarged view of region A m Fig. 7, and shows a case where a first dielectric 
plate comes into contact with a first O ring and a metalUc thin fihn 11 4 is provided on a 
vacuum sealing region. 

30 Fig. 9 is an enlarged view of region A in Fig. 7, and shows a case where the first O ring 
is enveloped by a metallic thin film 5. 

Fig. 10 is a cross section of a device relating to embodiment 3. 

Fig. 1 1 is a graph showing the ion saturation current density in embodunent 3. 
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Fig. 12 is a cross section of a device relating to embodiment 4. 
Fig. 13 is an enlarged view of region B in Fig. 12. 

Fig. 14 is a gr^h showing the ion saturation current density in embodiment 5. 
Fig. 15 is a ctoss section of a device relating to embodiment 7. 
5 Fig. 16 is a schematic diagram of a tool for confirming the presence or absence of 
plasma excitation in embodiment 7. 

Fig. 17 is a graph shoAwing a relationship between probe voltage and probe current for 
embodiment 7. 

Fig. 18 is a graph showing a relationship between minimum discharge power and Ar 
10 pressure for embodiment 7. 

Fig. 19 is a partial cross section of a device a device relating to embodiment 8, and 
shows a case where a cover plate is used. 

Fig. 20 is a partial cross section of the device relating to embodiment 8, and shows a 

case where a slot is reduced in size. 
1 5 Fig. 21 is a graph showing the ion saturation current density in embodiment 8. 

Fig. 22 is a partial cross section of a device relating to embodiment 9. 

Fig. 23 is a partial cross section of a device relating to embodhnent 10. 

Fig. 24 is a cross section of a device relating to embodiment 11. 

Fig. 25 is a cross section of a device relating to embodiment 12. 
20 Fig. 26 is a graph showing a relationship between deposition rate of polymer fihn and 

chamber internal wall temperature. 

Fig. 27 is a cross section of a device relating to embodiment 1 3 . ^^^^ 

Fig. 28 is a schematic diagram showing a system when a staged cooler method is 
adopted in coUection and reuse of fluorocarbon type gas in embodiment 14. 

25 Fig. 29 is a graph showuxg a relationship between average binding energy of fluorme 
gas and the plasma parameter of the fluorine gas for embodiment 1 5. 
Fig 30 is a graph showing evaluation results of damage caused by plasma irradiation of 
AlF3/MgF, alloy. Fig. 30(a) showing before NF3 plasma irradiation and Fig. 30(b) 
showing after 2 hours of NF3 plasma irradiation. 

30 Fig. 31 is a graph showing distribution of ion saturation current density for embodnnent 

F^ 32 is a graph showing distribution of electron temperature for embodiment I6. 
Fig. 33 is a graph showing distribution of electron temperature for embodmient 16. 
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Fig. 34 is a schematic diagram of a system for measuring ion current distribution for 
embodiment 16. 

Fig. 35 is a schematic showing the structure of a single probe used m measurement of 

electron temperature and electron density for embodiment 16. 
5 Fig. 36 is a graph showing results of plasma etching in embodiment 17. 

Fig. 37 is a schematic diagram showii^ a combination of a cross section of elements of 

embodiment 18 and a element withstand voltage measurement system. 

Fig. 38 is a gr^h showing results of withstand voltage for embodiment 18. 

Fig. 37 is a gi^h showing results of analyzing chemical binding state of a Si surface, 
10 usmg an X-ray photoelectron spectroscope, for a siUcon nitride fihn in embodiment 28. 

Fig. 40 is a schematic diagram showing a combination of a cross section of an element 

and an element dielectric breakdown injection charge amount measurement system, 

for embodiment 28. 

Fig. 41 is a graph showing results of dielectric breakdown injection charge amount for 

15 embodiment 28. 

Fig. 42 is a graph showing results of an X ray dif&actometer for embodiment 29. 
Fig. 43 is a schematic diagram of a conventional magnetron plasma etching device. 
Fig. 44 is a schematic diagram showing an example of a plasma device of the present 
invention. 

20 Fig. 45 is a plan view showing an example of a plasma device of the present mvention. 

Fig. 46 is a plan view showing an example of a plasma device of the present invention. 

Fig. 47 is a plan view showing an example of a plasma device of the present invention. 

Fig. 48 is a plan view showing an example of a plasma device of the present invention. 

Fig. 49 is a plan view showing an example of a plasma device of the present invention. 
25 Fig. 50 is a plan view showing an example of a plasma treatment device of the present 

invention. 

Fig. 51 is a plan view showing an example of a plasma treatment device of the present 
invention. 

Fig. 52 is a plan view showing an example of a plasma treatment device of the present 
30 invention. 

Fia 53 is a plan view showing an example of a plasma device of the present mvention. 
Fig 54 is a plan view showing an example of a plasma device of the present invention. 
Fig 55 is a drawing showing an example of means for applying a high frequency to 
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electrode IL 

Fig. 56 is a drawing showing an example of means for applying a high frequency to 
electrode 11. 

Fig. 57 is a graph comparing displacement in the related art and this embodiment. 
5 Fig, 58 is a drawing showing the manufacturing flow when producing a pattern with this 
embodiment. 

Fig. 59 is a graph comparing specific resistance in the related art and this embodiment. 
Fig. 60 is a schematic diagram showing a combination of a cross section of elements of 
this embodiment and a withstand voltage measuring system. 
10 Fig. 61 is a graph showing results of measuring withstand voltage for this embodiment 
and the related art. 

Fig. 62 is a plan view of a plasma device of the related art. 

Fig. 63 is a graph showing distribution of fihn thickness inside the surface of a wafer of 
silicon oxide film. 

15 Fig. 64 is a schematic diagram showing a combination of a cross section of elements of 
this embodiment and a system for measuring dielectric breakdown mjection charge 
amount. 

Fig. 65 is a graph showing results of measuring dielectric breakdown injection charge 
amount. 

20 Fig. 66 is a graph showing distribution of fihn thickness inside the surface of a wafer of 
direct nitride film. 

Fi g. 67 is a g ra ph showing results of a system for measuring barrier properties of a 



direct nitride film. 

Fig. 68 is a graph showing a relationship between amounts of oxygen and carbon, and 
25 total flow amoimt of process gas. 

Fig. 69 is a drawing showing an example of a mask structure for X ray lithography. 
Fig. 70 is a schematic diagram showing a diamond thm fihn permeability measurement 
system. 

Fig. 71 is a graph showing the results of evaluating a diamond tliin fihn. 
30 Fig. 72 is a graph showmg dependence of surface roughness of a polycrystaUine siUcon 
thin fihn on total flow amount 

Fig. 73 is a graph showing dependence of uniformity of a glass substrate surface of a 
polycrystalline silicon thin film on total gas flow amount. 
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Fig. 74 is a graph showing dependence of crystallite size of polycrystaUine silicon on 
total gas flow amount. 

Fig. 75 is a graph showing dependence of the amount of hydrogen in a polycrystaUine 
silicon film on total gas flow amount 
5 Fig. 76 is a graph showing dependence of the specific resistance of polycrystaUine 
siUcon (P dopant) on total gas flow amount. 

Fig. 77 is a graph showing dependence of the in-plane uniformity of a SiNx film on 
total gas flow amount 

Fig. 78 is a graph showing dependence of the withstand voltage of a. SiNx fihn on total 
10 gas flow amount. 

Fig. 79 is a graph showing dependence of the atomic level compositional ratio of Si to 
N in a SiNx film on total gas flow amount 

Fig. 80 is a graph showing dependence of the deposition rate of a fluorocarbon film on 
total gas flow amount. 

1 5 Fig. 8 1 is a graph showing dependence of the deposition rate of a fluorocarbon fihn on 
total gas flow amount. 

Fig. 82 is a graph showing the dependence of additional gas flow on the deposition rate 
ofaBSTfihn. 

Fig. 83 is a graph showing the dependence of the in-plane uniformity of wafer of a 
20 deposition rate of a BST fihn on additional gas flow. 

Fig. 84 is a cross section of a device manufactured using the present invention. 

Fig . 85 is a drawing-showing process cluster tools for formation of an insulating film 



and formation of tantalum sUicide. 

Fig. 86 is a drawing showing distribution of a subthreshold coefficient of a tantalum 
25 oxide gate insulation film MOSFET. 

Fig. 87 is a graph showing initial damage rates of samples of the present example and 

the related art. 

Fig. 88 is a drawing showmg in-plane uniformity of a tantalum oxide cj^jacitor. 
Fig. 89 is a graph showing displacement of a turbo molecular pump. 
30 Fig. 90 is a plan view shoving a practical example of a plasma device of tiie present 

invention. 

Fig. 91 is a plan view showing a practical example of a plasma device of the present 
invention. 
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Fig. 92 is a plan view showing a practical example of a plasma device of the present 
invention. 

Fig. 93 is a drawing showing the layout of a wafer conveyance port inside a wafer 
conveyance chamber of Fig. 90. 
5 Fig. 94 is a drawing showing the layout of a wafer conveyance port inside a wafer 
conveyance chamber of Fig. 90. 

Fig. 95 is a drawing showing the layout of a wafer conveyance port inside a wafer 
conveyance chamber of Fig. 90. 

1 0 Description of the nimierals 

100 container 

101 chamber 

102 first dielectric plate 

103 waveguide dielectric plate 
15 1 04 object to be treated 

105 plasma 

106 antenna slot plate 

107 coaxial tube 

108 antenna guide 
20 109 electrode 

110, 110% 110", 111 slot 

112 plating layer ' . • 

113 plate member 

114, 115 metallic thin film 
25 116 second dielectric plate 

117 gas inlet 

118 means 8 for preventing warping of slot plate 

119 cover plate 

120 means 6 for maintaining antenna at fixed temperature 

30 121 means 7 for maintaining first dielectric plate at fixed temperature 

122 means 9 for detecting presence or absence of plasma generated in space 2 ^ 

123 window formed of material transparent to light 

124 light inlet 
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125 Xe lamp 

201 radial line slot antenna 

202 first O ring 
205 space 3 

5 206 space 4 

207 space 5 

208 space 1 

209 space 2 

214 metallic thin film 
10 216 second O ring 

301 upper glass plate 

302 lower glass plate 

303 middle glass plate 

304 space 6 

15 305 tungsten wire 

306 aluminium wire covered with ceramic 

401 disk-shaped electrode 

402 pin 

403 aluminium wire 
20 404 resistor 

405 operational amplifier 
406 A-D converter 

407 computer 

408 stepping motor 
25 . 409 power supply 

501 chamber 

502 plasma 

503 object to be treated 

504 electrode 
30 505 heater 

506 laser 

507 photodetector 
601 probe tip 



602 silver wire 

603 ceramic tube 

604 SUS tube 

605 ring seal 

5 606 lobe measurement system 

701 object to be treated 

702 field oxidation film 

703 gate oxidation film 

704 gate electrode 
10 705 probe 

706 voltmeter 

707 voltage applying means 

801 object to be treated 

802 field oxidation film 
1 5 803 gate nitride film 

804 gate electrode 

805 probe 

806 voltmeter 

807 constant current source 

20 808 ammeter 

4301 vacuum container 
4302 e lectrode I 

4303 base 

4304 gas inlet 

25 4305 shower plate 

4306 dipole ring magnetron 

4307 bellows 

4308 porous plate 

4309 gate valve 

30 4310 base conveyance port 

4311 gas outlet 

43 1 2 vacuum pump 

4313 matching circuit 



43 14 high frequency power supply 

4406 vacuum container 

4407 electrode I 

4408 base 

5 4409 focTis ring 

4410 shower plate 

4411 electrode II 

4412 gas inlet 

44 1 3 m£^etic field ^plying means 
10 44 14 vacuum pump 

4415 matching circuit I 

4416 high frequency power supply I 

4417 matching circuit 11 

441 8 high frequency power supply 11 
15 4501 vacuiim container 

4502 gas inlet 

4503 magnetic field applying means 

4504 gas outlet 

4505 gate valve 

20 4601 vacuum container 

4602 gas inlet 

4603 ma g netic field a p plying means 

4604 gas outlet 

4605 gate valve 

25 4701 vacuum container 

4702 gas inlet 

4703 magnetic field applying means 

4704 gas outlet 

4705 vacuima pump 
30 4706 gate valve 

4801 vacuirai container 

4802 vacuum pump 
4901 vacuxmx container 



4802 vacuum pump 
5001 vacuimi container 

5002, 5003 means for applying magnetic field inside the container 
5004 electrode I 
5 5005 electrode n 

5006, 5007 means for ejqpelling source material gas and reaction product gas 

5004 electrode I 

5005 electrode n 

5006, 5007 means for expelling source material gas and reaction product gas 
10 5108 means for applying a high frequency 
5204 electrode I 

5206, 5207 means for expelling source material gas and reaction product gas 

5301 vacuum container 

5302 source material gas inlet 
15 5303 vacuimi pxmip 

5304 dielectric plate I 

5305 antemia 

5306 electrode I 

5307 shower plate 
20 5308 base 

5309 reflector 

53-0.1_vacuumj:i3ntdner 

5302 electrode I 

5303 electrode n 
25 5404 target 

5405 base 

5406 matching circuit I 

5408 high frequency power source I 
5412 matching circuit II 
30 54 1 3 high frequency power supply II 

5414 means for applying magnetic field 

5410 auxiliary electrode A 

54 1 1 auxiliary electrode B 
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54 1 4a magnetic field applying means 
5415 vacuum pvimp 

5501 electrode Ha 

5502 electrode lib 
5 5503 target 

5504 high firequency power supply I 

5505 matching circuit I 

5506 high firequency power supply n 

5507 matching circxiit 

1 0 5508 phase control curcuit 

5601 electrode Ila 

5602 electrode lib 

5603 target 

5605 matching circuit 

15 

Best mode of practicing the invention 

(1) In the plasma device of the present invention, an antenna for irradiating 
microwaves is provided on the outer side of a container, with a first dielectric plate 
interposed between the antenna and the container/Because the first dielectric plate is 
20 made of a material that can transmit microwaves with ahnost no loss, it becomes 
possible to excite plasma inside the container by irradiating microwaves from outside 
t h P mntainer. so that the antenna is not directly exposed to the source material gas and 
the reaction by-product gas. Also, an electrode for holding an object to be treated is 
provided inside the container, and a microwave emitting surface of the antenna and a 
25 surface of the object to be treated that is to be subjected to plasma processing are 
arranged opposite to each other and substantially in parallel, which means that it is easy 
to reduce a space between these two surfaces, and it is possible to increase the flow rate 
of source material gas and reaction by-product gas, and to swiftiy remove the reaction 
by-product gas. Further, a wall section of the container other than the first dielectric 
30 plate is either a member comprising a material having specific conductivity higher than 
that of aluminium, or the outside of this wall section is covered with the member, and if 
thickness of the material is d, the specific conductivity of the material is a, the magnetic 
permeability of the vacuum is ^, and the angular frequency of microwaves radiated 
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from the antenna is co, the thickness d is larger than a skin depth (invasion length) 
determined from (2/m,a(o)"^. This means that microwaves introduced into the container 
are subjected to almost no loss, and can be caused to propagate. As a result, plasma can 
be excited at a low output, and stable plasma excitation becomes possible. 
5 A first O ring having a function of a vacuimi seal is located between the inner 

surface of the first dielectric plate and the wall section of the container, and by 
providing a member formed of a conductive means as means I for preventing the first O 
ring from being directly exposed to fbe microwaves radiated from the antemia at least at 
a surface of the first dielectric plate coming into contact with the O ring, leakage is 
10 prevented, and it is possible to increase the service life of the O ring and reduce 
microwave loss. In plasma devices using microwaves, leakage occurred easily. The 
inventor of this application has been painstakingly searching for the reason why leakage 
occurs easily when microwaves are used, and has discovered that the cause Ues with the 
Oring. 

1 5 Specifically, the O ring absorbs microwave energy, with the result that the O ring 

becomes overheated. Also, the surface becomes molten. If the O ring overheats and the 
surface melts, leakage will occur. The above describes the reason why leakage occurs 
easily when microwaves are used, and the inventor of this appUcation was the first to 
discover this. In the case where microwaves were used, it was not foreseen that the O 
20 riing would be exposed to such high temperatures. It is possible to prevent overheating 
of the O ring and melting of the surface due to the provision of a thin fihn, formed of a 
conductive material (for example a metallic material), on at least a surfa ce of the first O 
ring that comes into contact with the first dielectric layer. This thin film f5nned of^ 
conductive material can be provided by applying a fihn on the first dielectric plate, and 
25 can be provided by coating the dielectric fihn using painting, vapor deposition or 
another method. As the conductive material, it is possible to use titanium, for example. 

Also, a thin fihn made of a conductive material is preferably provided on the 
surface of the O ring. Titanium coating can also be carried out in this case. Material 
having low dielecfric loss is preferably used in the O ring itself constituting a 
30 foundation. For example, BAITON (Trade name) can be used. 

This thin fihn is preferably formed of a material havmg a specific conductivity 
of at least 3.7 x lO'a'*m-\ and preferably has a thickness of at least lOtui. By 
providing a thin film having such specific conductivity and thickness, leakage is 
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reduced stiU further, the service life of the O ring is increased and it is possible to 
provide a plasma device with low microwave loss. 

A first O ring having a function of a vacuum seal is located between the inner 
surface of the first dielectric plate and the wall section of the container, and by 
5 providing means 2 for preventing the first O ring firom being directly exposed to the 
microwaves radiated fix>m the antemia on the surface of the first 0 ring, it is possible to 
achieve a proposed leakage amount, prolonged service Ufe of the first O ring, and 
reduced microwave loss. 

By providing a second dielectric plate having a gas inlet for substantially 
10 uniform supply of a desired gas between the first dielectric plate . and an electrode for 
holding the object to be treated, it is possible to uniformly supply the source material 
gas into the container, and to uniformly remove the reaction by-product gas. 

This second dielectric plate isolates the vacuum from the atmosphere. 
Accordingly, the antenna does not reside in the vacuum. If the antenna enters the 
1 5 vacuum, the antenna will be corroded, and cooling is difficult. 

A second O ring having a function of a vacuum seal is located between the inner 
surface of the second dielectric plate and the wall section of the container, and by 
providing means 3 for preventing the second O ring from being directly exposed to the 
microwaves radiated from the antenna on an inner surface or an outer surface of the 
20 second dielectric plate, it is possible to prevent leakage, prolong the service Ufe of the 
second O ring, and reduce microwave loss. 

A second O ring having a function of a vacuum seal is located between the iraie^ 
surface of the second dielectric plate and the wall section of the container, and^by 
providing means 4 for preventing the second O ring from being directly exposed to the 
25 microwaves radiated from the antemia on the surface of the second O ring, it is possible 
to prevent leakage, prolong the service life of the second O ring, and reduce microwave 

loss. 3 

By selecting a material having a dielectric loss angle tan5 less than 10' as the 
material of the first dielectric plate or the second dielectric plate, it becomes possible to 
30 cause microwaves radiated from the antemia positioned outside the container to be 
transmitted with virtually no loss, and it is possible to achieve a reduction in microwave 
loss. 

The frequency of the microwaves fed to the antenna is at least 5.0GHz, and if 
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the distance of a space 1 between the first dielectric plate and the second dielectric plate 
is less than 7mm, plasma excitation is not caused in the space 1, and there is no 
generation of reaction by-products caused by discharge. Accordingly, it becomes 
possible to avoid a phenomenon where reaction by-products disturb the supply of 
5 source material gas. It is also possible to prevent any detrimental affect on processes 
such as formation of the thin film on the object to be treated, nitriding or oxidation of 
the object to be treated, or etching of the object to be treated, etc. by the reaction by- 
products. 

By providing means 5 for generating a difiTerential pressure so that a pressure 1 
10 of space 1 between the first dielectric plate and the second dielectric plate is higher than 
a pressure 2 of space 2 where an electrode for holding the object to be treated is located, 
and is surrounded by the second dielectric plate and a wall section of the container other 
than the second dielectric plate, there is no generation of reaction by-products due to 
discharge. The differential pressure can be easily provided by varying the pressure of 
15 the source material gas and the degree of vacuum inside the container. 

By making the slots, positioned in a section where the density of plasma 
generated in the space 2 is locally high, smaller in diameter than the remaining slots, 
screening the slot, or not providing the slot at all, the output power of the microwaves is 
partially reduced in the slot plate functioning as a radiating surface of the microwaves 
20 and it is possible to make the plasma density more uniform. The position where the 
plasma density becomes locally high is changed depending on device conditions etc., 
which means, for example, that it is best to initially carry out trials with the same slot 
diameter, and to find out the part where plasma density becomes locally high using this 
test. 

25 In the present invention, a space is formed between an antenna and a first 

dielectric plate. In a plasma device of the related art using microwaves (for example 
Japanese Patent laid-open No. Hei. 8-111297) the antenna and the first dielectric plate 
are stuck together. The antenna usually has a thickness in the region of 0.3mm, and is 
fomied of a copper plate. However, experimentation carried out by the present inventor 

3 0 indicates that in the case of using microwaves the antenna reaches a high temperature 
in the region of 150°C, and the thickness of the antenna is locally reduced 
accompanying expansion in due to the heat. As a result, the radiating characteristics of 
microwaves from the antenna change and the plasma become non-uniform. 
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In the present invention the antenna and the first dielectric plate are not stuck 
together and a space is formed between the two, which means that a spacer formed of an 
elastic body touching the antenna can be interposed in this space, and localized 
deflection of the antenna does not occur, even if there is expansion due to heat, and it is 
5 possible to obtain a stable plasma. It is possible to use, for example, silicon rubber, 
TEFLON (trade name) etc. as the spacer formed of an elastic member 

Also, if means for supplying a heating medium is coimected to this space, a 
heating medium can be supplied into the space, and it is possible to cool the antenna. By 
cooling the anteima it becomes possible to prevent deflection of the antenna due to heat 
10 without using the spacer. Obviously, it is also possible to cool the antenna using the 
spacer. 

Supply of the heating mediimi into the space formed by the antenna and the first 
dielectric plate is one function of the means 6 for cooling the antenna, but besides the 
means 6 it is ix)ssible to form a passage in an anteima guide, and to connect a line for 

1 5 supplying a heating medium to this passage. 

By providing means 7 for cooling the first dielectric plate close to the first 
dielectric plate, source material gas to be supplied can be supplied onto the surface of 
the object to be treated while being maintained at a fixed temperature. Also, using the 
means 7 bending of the slot plate is prevented, microwaves can be radiated to the inside 

20 of the container with almost no loss and it is possible to cause excitation of stable 
plasma. 

By providing means 8 for preventing bending of the slot plate, a highly efficient 
parallel beam of microwaves can be radiated to the inside of the container which means 
that it is possible to caxxse excitation of stable plasma. 
25 By providing means 9 for detecting the presence or absence of plasma generated 

in the space 2, it is possible to prevent the inside of the container and the object to be 
treated etc, being carelessly heated by microwaves radiated firom the antenna, and to 
thus prevent damage. 

Since a structure is provided inside the container for respectively raising the 
30 temperature of the container wall surface and the outer part of the object to be treated to 

at least 150°C, emitted gas that hinders the process is reduced, and it is possible to 

» 

prevent reattachment of reaction by-products. 

If a structure (for example a heater) for raising the temperature within units 
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constitutii^ an exhaust system is provided in the exhaust system, the temperature within 
the exhaust system is raised by this structure and it is possible to prevent reaction by- 
products being attached to internal walls of the units. 

If a structure is provided for heating the object to be treated, it is possible to 
5 compensate for insufficient energy during plasma ion exposure by raising the 
temperature of the object to be treated. 

If a structure for carrying out recovery and recycling of fluorocarbon type gas is 
provided downstream of the exhaust system, it is possible to carry out lecyclmg by 
adopting a staged cooling system to gradually cool from a high boiUng point gas 
10 through liquefaction, distillation and purification to a liquid. 

The mside of the container can be cleaned by causing generation of a plasma 
inside the container having high ion radical density and low plasma potential. The 
inside of the container at this time can preferably be made of an alloy exhibiting 
extremely good plasma resistance (AlFj/MgFj). 
15 By providing an electrode havmg the function of holding the object to be treated 

with means for applying a d.c. bias and/or and a.c. bias, it is possible to increase the ion 
energy radiated to the object to be treated. For example, when adopted plasma etching, 
it is possible to realize high speed etching with good uniformity. 

Using the plasma device of the present invention, it is possible to uniformly 
20 carry out etching processing, direct oxidation processing and direct nitriding processing 
on the surface of an object to be treated having a large surface area, and uniform fihn 

formation at low temperature and high speed is possible. 

(2) Fig. 44 is a schematic drawing showing an example of a plasma device of the 
present invention. Fig. 44(a) is a plan view looking from above the device, while Fig. 
25 44(b) is a cross section through line A-A in Fig. 44(a). 

In Fig. 44, reference numeral 4406 is a vacuum container, reference numeral 
4407 is an electrode I, reference numeral 4408 is a substrate, reference numeral 4409 is 
focus ring, reference numeral 4410 is a shower plate, reference numeral 4411 is an 
electrode H, reference numeral 4412 is a gas mlet, reference numeral 4413 is magnetic 
30 field applying means, reference numeral 4414 is a magnetic pump, reference numeral 
4415 is a matching circuit I, reference numeral 4416 is a high frequency power supply I, 
reference numeral 4417 is a matching circuit U and reference numeral 4418 is k high 
frequency power supply H. 
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In the plasma device of Fig. 44, a dipole ring magnet having a plurality of 
permanent m^ets aligned in an anniilar shape are used as magnetic field applying 
means 4413, as shown in the drawing. The permanent magnets constituting the dipole 
ring magnet are aligned so that a direction of magnetization passes through one rotation 
as the magnet positions go halfway round. 

Gas introduced fix)m the gas inlet 4412 is discharged into a process space from a 
plurality of small holes of the shower plate 4410. This introduced gas, and reaction 
product gas discharged from a substrate surface, is expelled from a plurality of vacuum 
pimips 4414 to the outside via a space interposed between the magnetic field applying 
means 4413a and 4413b to the side of the substrate. A comparatively wide space is 
provided in an upper part of the vacuum pump 4414 so as to cause the gas conductance 
to be lowered. A projection surface of the upper section of the vacuum container 4406 is 
shown in Fig . 44(a). The vacuum container 4401 has a shape close to a square, and four 
vacuum pumps 4402 are provided in the comers of this vacuum container 4401. hi this 
15 way, if exhaust is carried out by a pluraHty of vacuum pumps ahgned around the 
substrate substantially axisynmietrical to an axis perpendicular to the substrate surface 
and running through the center of the substrate, uniform gas flow can be realized m a 
rotational direction above the substrate, without causmg hardly any lowering of gas 
conductance. That is, it becomes possible to cause a large amount of gas to flow up to a 
20 value close to the tolerance of the vacuum pump, and it is possible to handle an ultra 
high speed process for a large diameter substrate. 

Here, the electrode n 4411 is a ring shaped metallic plate, and is provided so as 

to allow improvement of in-plane uniformity of plasma close to the surface of the 
substrate 4408. ffigh frequency power output from the high frequency power supply II 
25 4418 is appHed to the electrode H 4411 through the matching circuit II 4417. If a 
balance of electron drift on the surface of the electrode II 4411 and the electron drift on 
the surface of the substrate 4408, caused by a magnetic field appUed by application of 
^propriate high frequency power to the electrode H 4411, is obtained, plasma close to 
the suriEace of the substrate 4408 is made ahnost totally uniform. If uniformity of the 
30 plasma surface close to the surface of the substrate 4408 is good with appUcation of 
high frequency to the electrode H 4411, or if no problem arises even with non- 
uniformity, it is not particularly necessary to provide the electrode H 441 1 . 

In the plasma device of Fig. 43, the shower plate 405 is grounded, but it does not 
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necessarily need to be grounded and it does not matter if a high fiequency is applied. 
Also, it does not matter of a shower plate is not used and gas is discharged from another 
section. 

Fig. 45 is a plan view showing an example of a plasma device of the present 
5 invention. Reference numeral 4501 is a vacuum container, reference numeral 4502 is a 
gas inlet, reference numeral 4503 is magnetic field applying means, reference numeral 
4504 is a gas outlet, and reference numeral 450005 is a gate valve. A surface of the 
vacuum containei^lSOl projecting from an upper part is approximately triangular in 
shape, and three vacmim pumps are place^tin the comer sections. Other aspects of the 

1 0 plasma device are the same as that described for Fig. 44. With the plasma device of Fig. 
45, a distance between a gate valve 4505 and the substrate is smaller than in the plasma 
device shown in Fig. 44. This is suitable for the case when the stroke of a substrate 
conveyance arm is restricted. 

Fig. 46 is a plan view showing an example of a plasma device of tiie present 

15 invention. Reference numeral 4601 is a vacuum container, reference numeral 4602 is a 
gas inlet, reference numeral 4603 is magnetic field applying means, reference numeral 
4604 is a gas outlet, and reference numeral 4605 is a gate valve. Two vacuum pumps are 
placed in the vacuum container 4602. Apart from this, the plasma device is the same as 
that described in Fig. 44. With the plasma device of Fig. 46, similarly to the device of 

20 Fig. 45, a distance between a gate valve 4505 and the substrate is smaller than in the 
plasma device shown in Fig. 44. This is suitable for the case when the stroke of a 
substrate conveyance arm is restricted and when there is a margin in the expel capacity 

of the vacuum pump. 

Fig. 47 is a plan view showing an example of a plasma device of the present 

25 invention. Reference numeral 4701 is a vacuum container, reference numeral 4702 is a 
gas inlet, reference numeral 4703 is magnetic field applying means, reference numeral 
4704 is a gas outlet, reference numeral 4705 is a vacuum pump, and reference numeral 
4706 is a gate valve. Two vacuum pumps are placed sideways in the vacuum container 
4702. Apart from tMs, the plasma device is the same as that described in Fig. 44. The 

30 footprint of the plasma device including the vacuum container 4701 and the vacuum 
pump 4705 is larger, but the size of the vacuum container 4701 becomes a minimum. 
This is suitable for the case when the stroke of a substrate conveyance arm is restricted 
and when there are restrictions on the size of the vacuum container. 
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In the plasma device of Fig. 48, a four vacuimi pumps 4802 are respectively 
provided in each of upper and lower sections of the vacuum contaiaer 4801, making 
eight vacuum pumps in total. In titds way, if the number of vacuum pumps is increased, 
the load imposed on each vacuum pump is reduced and the vacuum pumps can be made 
5 smaller, which means that it is possible to make the footprint of the plasma device 
smaller. Remaining sections are the same as in the description for Fig. 44. 

The plasma device of Fig. 49 has comers of the upper section of the vacuum 
container 4901 rounded off. Within a space inside a vacuimi contaiaer 4901 above the 
vacuum pump 4902, unnecessary portions where gas flow is slow are reduced in size, 
10 which means that the atmosphere within the vacuum container 490 1 is further purified. 

Fig. 50 is a plan view showing an example of a plasma processing device of the 
present invention. Means for applying a magnetic field inside a container 5002 and 
5004 are provided outside a vacuum container 5001. Since the means 5002 and 5003 are 
divided top and bottom, the substrate can be conveyed without having to move an 
1 5 electrode I 5004 for mounting the substrate to be processed up and down. The plate type 
electrode I 5004 is parallel to a plate type electrode 11 5005, which is electrically 
grounded, and provided with a shower plate as means for introducing source material 
gas. Reference numerals 5006 and 5007 are means for expelling reaction product gas, 
and are configured so that the gas is discharged to the outside through a space fonned 
20 between the magnetic field applying means 5002 and 5003. 

Fig. 5 1 is a plan view showing an example of a plasma processing device of the 

present invention. A plate type electrode I 5104 is parallel to a plate type electrode II 

5105 which is connected to means 5108 for applying a high frequency independently of 
electrode I, and has a shower plate as means for introducing source material gas. 
25 Reference numeral 5106 and 5107 are means for expelling source material gas and 
reaction product gas to the outside. 

Fig. 52 is a plan view showing an example of a plasma processing device of the 
present invention. An electrode I 5204 is provided, and there is a shower plate as means 
for introducing source material gas. Reference numerals 5206 and 5207 are means for 
30 expelling source material gas and reaction product gas, and are constructed to discharge 
gas to the outside. 

The plasma device of Fig. 53 has a vacuum container 5301, a source material 
gas inlet 5302 required to generate plasma inside the container, and a vacuum pump 
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5303 for expelling source material gas that has been introduced into the container. Part 
of a wall section constituting the container is a dielectric plate I 5304 formed of a 
material capable of transmitting microwaves with substantially no loss, and aa antenna 
5305 for radiating microwaves and an electrode 1 5306 for mounting a substrate 5308 to 
5 be processed inside the container are provided outside the container, sandwiching the 
dielectric plate I. The microwave radiating surface of the anteima and a surface of the 
substrate that is to be plaana treated are arranged opposite each other and substantially 
parallel. Here, conveying of radiated microwaves to the outlet side is prevented, and a 
reflector 5309 is preferably provided only above the substrate, for the purpose of 
10 causing uniform plasma generation. 

Also, the electrode I for mounting the substrate can be groimded, or it is also 
possible to provide means for applying a d.c. bias or an a.c. bias. Further, in order to 
make introduction of source material gas uniform and to swiftly remove reaction 
product gas, the source material gas of this device is introduced from a pluraUty of 
15 small holes through a shower plate 5307 to a process space. This source material gas 
and reaction product gas are expelled to the outside by a plurality of vacuum pumps 
5303. A comparatively wide space is provided in an upper section of each vacuum 
pump so as not to cause lowering of the gas conductance. In this way, if gas is expeUed 
from a pluraHty of vacuum pumps aligned substantially equal distances apart to the side 
20 of the substrate, it is possible to realize gas flow above the substrate uniform in a 
rotational direction without lowering the gas conductance hardly at all. That is, it 
hecnmes possible to cause a large amount of gas to flow close to the capacity of the 



vacuum pump, and it is possible to handle ultra high speed processing of large diameter 
substrates. 

25 The plasma device of Fig. 54 is provided with two parallel plate type electrodes 

electrode 1 5402 and electrode H 5403 inside the vacuum container 5401. A gate valve 
5404 and a substrate 5405 on which a film is to be deposited are respectively mounted 
on the electrode n and the electrode I. Source material gas is then introduced into the 
container, and matching circuit I 5406, matching circuit H 5412. high frequency power 

30 supply I 5408 and high frequency power supply H 5413 are connected for the purpose 
of applying high voltage to the electrode I and the electrode H. Means 5414 for applying 
a magnetic field to at least a target surface is provided outside the container. An 
auxiliary electrode A 5410 is provided at a region fiorther out than the outer edge of the 
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target for the purpose of making the density of plasma generated close to the surface of 
the target uniform. Means for adjusting a junction impedance provided at a portion 
electrically connected to the electrode 11 is attached to the auxiliary electrode A 5410. 
At the region further out than the outer edge of the target, an auxiliary electrode B 541 1 
5 for applying a high frequency power separately and independently of a high frequency 
applied to the electrodes I and n is provided at a position separated from the substrate 
and electrode U, also for the purpose of making the density of plasma generated close to 
the surface of the target uniform. However, as an alternative to providing the auxiliary 
electrode B it is possible to employ a method for relieving plasma deviation caused by 

10 the magnetic field, by making the pressure inside the container at the time of plasma 
generation a high pressure (1 — several tens of Torr). Further, even if the auxiliary 
electrode A or auxiliary electrode B is not provided, there is no need to specially 
provide the auxiliaiy electrode A and B in cases such as when in-plane xmiformity of 
plasma close to the surface of the substrate is satisfactory, or where no problem occurs 

15 even with non-uniformity. The gas that has been introduced into the container passes 
through means 5414a and 5414B for applying a magnetic field to the side of a 
substrate and is discharged to the outside from a plurality of vacuum pimips 5415. At an 
upper portion of the vacuum pumps, there is provided a comparatively wide space so as 
to prevent lowering of the gas conductance. Also, it does not matter if the arrangement 

20 of the vacuum pumps is the same as that shown in Fig 45 - Fig. 49. It is also 
pemiissible to use another magnetic field applying means for applying the magnetic 
field. In this plasma device, plasma density is raised using a magnetic field, but there is 
no problem in using other means, and it is permissible to not use anythiag when there is 
no need to raise plasma density. 

25 Still further, the electrode n being the electrode for holding the target can be 

divided into two eqxial halves, with a high frequency being respectively appUed to the 
divided halves. However, the phases of the two high frequencies at this time are 180° 
out of phase with each other and it is necessary to provide means so that discharge does 
not occur between electrode Ha and electrode lib. However this method is restricted to 

30 when the target is an insulating material, and when the target is conductive the substrate 
itself must be divided to match up with the electrode n. By using this method, since it 
becomes possible to keep the plasma potential low, the ion collision energy to the target 
can be reduced and it is confimied that better quality films can be formed. It is also 
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possible to use either of the following two methods as means of applyiag to the 
electrode 11. 

(a) Fig. 55 shows a first method. A high firequency power supply I 5504, 
matching circiiit I 5505, high firequency power supply II 5506 and matching circuit U 
5 5507 are connected to divided electrodes Ua 5501, electrode Ub 5502, for respectively 
applying a high firequency to the target 5503, electrode Ila and electrode lib, and the 
phases of the two high firequencies are made opposite and introduced by connecting a 
phase adjustment circuit 5508 to the electrode lib side. 

(b) Fig. 56 shows a second method. Reference numeral 5501 represents a 

10 divided electrode Ila. reference nxraieral 5502 represents electrode lib and reference 
numeral 5503 represents a target. High firequency oscillations firom the high fi-equency 
power supply 5504 propagate to the matching circuit 5505 and are grounded through a 
balanced/non-equilibrium circuit (balance). Using this circuit high frequency having 
mutually reversed phase is introduced, 

15 (3) Taking Fig. 53 as an example, the plasma device of the present invention is 

provided with the exhaust space 5315 formed dhrectly contacting the intake port 53 14 of 
the vacuum port 5303, to the side of the film forming space 5313 above a substrate 
5308. 

By providing the exhaust space 5315, being a comparatively wide space, to the 
20 side of the film forming space 5313, source material gas that has been introduced from 
outside, or reaction product gas, is expelled without lowering the gas conductance, and 
it is possible to make a large amoimt of gas flow, close to the capacity of the vacuum 
pump. 

This exhaust space 53 15 is preferably provided at a number of places, and m this 
25 case the spaces are preferably arranged at positions symmetrical around the substantial 
center of the substrate 5308. If a plurality of such spaces are symmetrically provided, 
the above described effects are even more remarkable. 

The height b of the exhaust space 5315 is preferably as large as is practicable. 
The width L of the exhaust space 5315 is preferably at least two times the height 
30 a of the fihn formation space 5313. The uniformity of the gas flow is dramatically 
improved by the fact that the width L is two times the height a. 

Embodiments 
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A plasma device of the present invention will be described in the following, with 
reference to the drawings, but the present invention is not lin:iited to these embodiments. 
(Embodiment 1) 

Li this embodiment, when plasma is generated by introducing microwaves into a 
5 container using the plasma device shown in Fig. 1, the plasma stability is examined by 
varying the material of a member constituting an inner surface of the container, and the 
width of the member. 

In Fig. 1, reference numeral 100 is a container capable of having its internal 
pressure reduced, reference nimieral 101 is a chamber, reference numeral 102 is a first 

10 dielectric plate, reference numeral 103 is a waveguide dielectric plate, reference 
numeral 104 is an object to be treated, reference numeral 105 is plasma, reference 
numeral 106 is an antenna slot plate, reference nimieral 107 is a coaxial tube, reference 
numeral 108 is an antenna guide, reference nxmieral 109 is an electrode, reference 
numeral 110 is a slot, reference mmieral 201 is a radial line slot antenna, reference 

1 5 nimieral 202 is a first O ring, reference numeral 205 is a space i3, reference numeral 206 
is a space 4 and reference numeral 207 is a space 5. 

In Fig, 1, the container capable of having the internal pressure reduced 100 
comprises a chamber 101 (material: SUS), a first dielectric plate 102 (material: qxiartz), 
and first O ring 202 functioning as a seal between the chamber 101 and the dielectric 

20 plate 102. The inside of the container 100 can be decompressed by an exhaust system, 
not shown, and the container 100 itself is electrically grounded. 

A radial line slot antenna 201, comprising the antenna guide 108 (material: Al), 
the antenna slot plate 106 (material: Cu) and the waveguide dielectric plate 103 
(material: quartz), is located outside the container 100. Microwaves are introduced into 

25 the antenna 201 through the coaxial tube 107 (material: Cu), conveyed in a radial 
direction while leaking out firom each slot 110 provided in the antenna slot plate 106, 
and radiated to the inside of the container 100. Gas is made to flow into the container 
100 from a source material gas supply system , not shown, and plasma 105 is excited. 
There is an electrode 109 having the fimction of holding an object to be treated 104 

30 inside the container 100, and the electrode 109 is located so that it is parallel to and 
opposite the antenna 201 and fimctions to heat the object to be treated. Also, the 
electrode 109 is capable of being made to move upwards and downwards from outside 
the container 100, and the distance from the first dielectric, plate 102 can be varied from 
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approximately 10mm to 60mm. 

Fig. 2 is a schematic plan view of the radial liae slot antenna 201 shown in Fig. 
1 looking from above. Hole sections (hereafter referred to as slots) 110 penetrating 
through antenna slot plate 106 are arranged in the slot plate, but the arrangement of the 
5 slots 1 1 0 is not limited to that shown in Fig. 2. 

The slots 110 are configured having two slots Ilia and 11 lb constituting a 
single pair, and the two slots in a pair are arranged at right angles to each other at a 
distance of a quarter of a wavelength Xg of an incident wave passing through the coaxial 
tube 107 to the antenna 201. The pairs comprised of a slot 11a and a slot lib, namely 
10 the slots 1 10, are each capable of outputting circularly polarized electromagnetic waves, 
and a plurality of slots 110 are numerously concentrically provided. Besides the 
concentric airangement the slots 110 can also be arranged spirally. Although this 
embodiment is not limited to this concentric arrangement, the slots 1 10 are provided in 
this way so as to uniforaily radiate electromagnetic waves within a large surface area. 
15 The present invention is not limited to radiation of concentrically polarized 

electromagnetic waves, and it is possible to use linear polarization, but concentric 
polarization is preferred. 

Reference nxmaeral 107 is a coaxial tube for supplying microwaves to the 
antenna slot plate 106, and is connected to a microwave power supply through a coaxial 
20 tube - waveguide converter, not shown, a waveguide and a matching circuit. 

There is also a need for means for conveying the object to be treated 104 into 
and out of the chamber 101, but this is omitted from Fig. 1 . 

In this example, microwaves (frequency = 8.3GHz) are introduced to the radial 
line slot antenna 201 using the coaxial tube 107, electromagnetic waves are radiated 
25 from the anteima 201 and plasma 105 is excited inside the space 5 of the chamber 100. 
However, There was no excitation of plasma 105 within the space 5 (207) with the SUS 
chamber 101. 

Accordingly, plating layers (7) comprising lead, tantalum, tungsten, aluminium, 
gold, copper and silver are coated on an Loner surface of the SUS chamber 101 and the 
30 above described plasma ignition test was carried out. At this time, as the process gas Ar 
gas was used, iand gas pressure was SOOmTorr. 

Fig. 3 shows the results of the plasma ignition test. At this tinie, the thickness of 
the plating needs to be thicker than a skin depth determined from d=(2/nocr<»)^^ of the 
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microwaves, which means about 10pm. From Fig. 3, it is understood that if the specific 
conductivity of the material of the inner surface of the chamber 101 is made high, then 
it is easy for plasma excitation to take place. The results of this test show that at the 
instant microwaves are introduced into the container 100 the container starts to act as a 
5 resonator, and since a strong electric field is required in the plasma ignition test the q 
value of the resonator must be made high. 

Fig. 4 shows results when an aluminium plating layer is provided on the inner 
surface of the SUS chamber 101 and a plasma ignition test is carried out by varying the 
thickness of the plating layer and the wavelength of microwaves introduced to the 
10 antema 201 . From Fig. 4 it can be confirmed that at the time when the thickness of the 
aluminium plating layer is thicker than a skin depth of 1.67 jam determmed from 
microwave d=(2/p^aco) 1/2, in the case of the frequency of the microwaves being 
2.45MHz, and that at the time when the thickness of the aluminium plating layer is 
thicker than a skin depth of 0.89 |Lun determined fix)m microwave d=(2/]UoCJa))l/2, in the 
15 case of the frequency of the microwaves being 8.3MHz, plasma is stable. 

Here, i^o is permeability of vacuum, a is conductivity of the material in question, 
and CO is the angular frequency of the microwaves. 

From the results described above, the following points become clear. 

1) When the material of the member constituting the inner surface of the 
20 container is SUS, conductor loss is large and ignition is difficult. 

2) By replacing the material of the member constituting the inner surface of the 
container for high conductivity material, the Q value of the resonator becomes 
comparatively high and the problem of difficult ignition does not arise. 

3) When a material having conductivity of at least the conductivity of 
25 aluminium (3.7 x 10^[Q-^*m-*]) is used as for the inner surface of tiie chamber 101, tiie 

plasma becomes stable, and copper, gold, silver etc. are suitable as such as material. 

A device incorporating the above results can be as shown in Fig. 5 and Fig. 6. 
The device of Fig. 5 differs from the device in Fig. 1 in that an aluminium plating fihn 
112 is coated to a thickness of 10pm on the inner surface of the SUS chamber 101. The 
30 device of Fig. 6 is different from the device of Fig. 1 in that it uses a plate member 113 
comprised of the above described material (having a thickness greater than tiie skm 
depth determined from the microwaves) and the inner surface of the chamber is covered. 
It can be confirmed tiiat the devices of Fig. 5 and Fig. 6 are tiie same witii respect to 
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plasma stability. 
(Embodiment 2) 

In this embodiment, the device of Fig. 5 is different from embodiment 1 in that a 
metallic thin film 1 14 is provided at a vacmmi seal region where the first dielectric plate 
5 102 (material: quartz) contacts a first O ring 202, as shown in Fig. 7, and the first O ring 
is not exposed to electromagnetic waves radiated from the antenna slot plate 106. 
Fluorine type resin is used as the material for the first O ring. 

Fig. 8 is an enlarged view of region A in Fig. 7, and shows the case where the 
metallic fliin film 1 14 is provided at a vacuxma seal region where the first dielectric plate 
10 102 (material: quartz) contacts a first O ring 202. 

When the first O ring is made of a material such as resin that absorbs 
microwaves, it is directly heated by electromagnetic waves radiated from the antenna 
slot plate 106m as a result of discharge over a long time and it will be understood that 
damage will occur. 

1 5 Therefore, metallic thin films each having a thickness of lOjim and respectively 

being aluminium, nickel, and copper are provided at the vacuum seal region where the 
furst dielectric plate 102 contacts the first O ring 202, as the metallic thin fihn 114. 
This thickness of lOjom was validated in embodiment 1, and is a thickness value larger 
than the skin depth determined from microwave d=(2/|j,Oa©)^^^ that can sufficiently 

20 reflect microwaves. A durability test of the first O ring 202 was carried out using a 
device provided with this type of metaUic thin fihn 114. The results showed that when 
nickel (conductivity: 1.4 x 10^[Q"^«m'']) was used, conductivity was low so microwaves 
were not sufficiently reflected, the power of the microwaves was subject to heat loss 
and the first O ring was excessively heated and damaged after a discharge tune of 2 - 3 

25 hours. On the other hand, in the case where a comparatively high conductivity material 
such as aluminum (conductivity:3.7x 10'[Q-'*m-']) or copper (conductivity:6.0 x 10'[a 
^•m-^]) was used , damage to the first O ring could not be confirmed even after a 
discharge time of 100 hours. 

Consequently, it has been found that the metallic fihn 114 should have high 

30 conductivity and high adhesion to the first dielectric plate 102. It also goes without 
saymg that it is necessary for the thickness of the metallic thin fihn 114 to be thicker 
than the skin depth determined from microwave d=(2/poCfCi))^^. 

Fig. 9 is an enlarged view of region , A in Fig. 7 and shows the case where m 
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place of the metallic thin film 114 the first O ring 202 itself is coated with a metallic 
thin film 1 1 5 having the same function as the metallic thin film 1 14 provided in the first 
dielectric plate 102. In this way, by also coating the first O ring 202 itself with the 
metallic thin film 115 the same effects as for the device of Fig. 8 can be obtained. Also 
5 in the case where the first O ring 202 is made of metal, the above problem is solved. 
(Embodiments) 

In this embodiment, as shown in Fig, 10, a device provided with a second 
dielectric plate 116, having a gas inlet 117 for supplying desired gas in a substantially 
uniform manner provided between the first dielectric plate 102 and the electrode 109 for 
10 holding the object to be treated 104, was used, and the uniformity of plasma 105 
generated in the space 2 (109) was examined. 

Fig. 10 shows the device incorporating the results of the second embodiment, 
and aluminiim (Al) was coated to a thickness of lOpm as a metallic thin film 114, at a 
region for vacuum sealing where the first dielectric plate 102 comes into contact with 
1 5 the first O ring 202. AIN (aluminium nitride) was used as the second dielectric plate 116 
shown in Fig. 10. Since aluminium nitride contains nitrogen, it is characterized by the 
fact that there is less discharge gas compared to quartz. 

In the device of Fig. 10, Ar gas was introduced into space 1 (208) as a plasma 
gas, and uniformity of plasma 105 generated in the space 2 (209) as a resxilt of 
20 introducing microwaves to the antenna 201 was evaluated in order to study the ion 
saturation current density. At this time, the gas pressure of the space 2 (209) was 
50mTorr, and the power of microwaves input to the antenna 201 was 1600W. 

Fig. 11 is a graph showing the results of studying saturated electron current 
density. In Fig. 11, the mark M represents the case when the second dielectric plate 116 
25 having the gas inlet 117 is provided, the mark 9 represents the case where the second 
dielectric plate 116 is not provided, and the mark A represents the case where the 
second dielectric plate 1 16 is provided without the gas inlet 117. 

From Fig. 11 is will be understood that by providing the second dielectric plate 
116 having the gas inlet 117 the plasma is made uniform. In the case where the gas inlet 
30 117 is not provided (mark A) there is no reaction accelerator for causing plasma 
excitation inside the container [namely tiie space 2 (209)), which obviously means that 
there will be no plasma excitation. 

By providing this type of second dielectric plate 116 it is possible to supply 
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source material gas uniformly onto a surface of an object to be treated 104 having a 
diameter greater than 300 mm which was impossible in the related art, and it is also 
possible to uniformly remove generated reaction by-product gas from the object to be 
treated 104, 

5 With the above described second dielectric plate 1 16, gas inlets 1 1 7 are arranged 

so that there are an equal niunber per unit surface area, but this arrangement is not 
liTriiting and it is possible to arrange them as conditions demand. 
(Embodiment 4) 

In this embodiment, the plasma device of Fig. 10 is provided with a metallic thin 
10 film 214 at a region for vacuum sealing where the second dielectric plate 116 (material: 
alxmiinium nitride) comes into contact with the second O ring 216, and the effect of 
preventing the second O ring 216 being exposed to electromagnetic waves radiated 
from the antenna slot plate 106 was evaluated. Aluminium (Al) having a thickness of 
10pm was used as tiie metallic thin film 214, and fluorine type resua was sued as the 
1 5 second O ring 216. 

Fig. 13 is an enlarged view of region B in Fig, 12. 
Apart from this point, embodiment 4 is the same as embodiment 2. 
Sinailarly to embodiment 2, the extent of damage to the second O ring 216 was 
evaluated. These results show that in the case where the metallic thin film 214 is 
20 provided, similarly to the case where the metallic thin film 114 of embodiment 2 is 
provided, there was no damage to the second O ring 216 even after a discharge time of 
100 hours. 

Also, similarly to the first O ring 202 shown in Fig. 9, the second O ring 216 
shown in Fig. 10 can be itself covered with a metallic thin fihn 115 having a similar 
25 fimction to the 114 provided on the second dielectric plate 116, and it was confirmed 
that this had the same effect as when the above described metallic thin fihn 214 was 
provided. 
(Embodiment 5) 

With this embodiment, in the plasma device of Fig. 12 materials havuig a 
30 different dielectric loss angle are used as the first dielectric plate 102, and the density 
(ion saturation current) of plasma generated in the space 2 (209) was evaluated. 

As materials having a different dielectric loss angle for constituting the first 
dielectric plate 102, Bakelite (BM-120, dielectric loss aangle=0.044), glass (coming 
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#0010 dielectric loss aangle=0.006), AIN (dielectric loss aangle=0.001), and Si02 
(dielectric loss aangle=0.0001) were used. At this time, the material constituting the 
second dielectric plate 116 was AIN. 

Apart from this point, embodiment 5 was the same as embodiment 2. 
5 Fig. 14 is a graph showing results of measuring the ion saturation current. It 

will be understood from Fig. 14 that since electrical loss becomes small and microwave 
power is supplied to the container without loss with decrease in the dielectric loss angle 
tanS, the plasma density(ion saturation current) increases. Particularly, it will be 
understood that when a material having dielectric loss angle tan8 of less than 10"^ is 
10 used as the first dielectric plate 102, it is possible to obtain plasma having a high ion 
saturation current of 12mA/cm^. This means that it is preferable to have a material with 
a lower dielectric loss angle tan5 as the material for the first dielectric plate 102, for 
example, quartz (SiOj) or aluminium nitride (AIN) having tanS of less than 10"^ 

(Embodiment 6) 

15 With this embodiment, m the plasma device of Fig. 12 materials having a 

different dielectric loss angle are used as the second dielectric plate 1 16, and the density 
(ion saturation current) of plasma generated in the space 2 (209) was evaluated. 

As materials having a different dielectric loss angle for constitutmg the second 
dielectric plate 116, Bakelite (BM-120, dielectric loss angle=0.044), glass (coming 
20 #0010 dielectric loss angle=0.006), AJN (dielectric loss angle=0.001), and SiOj 
(dielectric loss angle=0.0001) were used. At this time, the material constituting the 
second dielectric plate 1 1 6 was quartz. 

Apart from this point, embodiment 6 was the same as embodiment 5. 
Substantially the same effects as in Fig. 14 are also obtained with this 
25 embodiment. That is, it can be understood that when a material having a dielectric loss 
angle tan5 of less than 10'^ is used for the second dielectric plate 116, plasma having a 
high ion saturation current of greater than 12mA/cm^ can be obtained. 

However, there is a need to provide gas inlets 117 m the second dielectric plate 
116, and a requirement to use a material with satisfactory manufacturing precision. 
30 Accordingly, it is possible to use quartz (Si02) or aluminium nitride (AIN) having tanS 
of less than 10-3 as the material of the second dielectric plate 116, but it is preferable to 
use aluiniiuum mMde (A1]S0 from the point of view of maniifacta^ 

(Embodiment 7) 
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With this embodiment, in the plasma device shown in Fig. 15, in order to study 
conditions where plasma excitation does not take place in the space 1 (208) between the 
first dielectric plate 102 and the second dielectric plate 116, the following experiment 
was carried out. 

5 Fig. 15 is a drawing in which pressure PI of the space 1 (208), pressure P2 of 

the space 2 (209) and the distance tg between the first dielectric plate 102 and the 
second dielectric plate 116 have been added to the drawing showing the device of Fig. 
12. 

Fig. 16 is a schematic drawing of a jig used to observe whether or not there is 

10 plasma excitation in the space 1 (208). The jig of Fig. 16 is located directly below the 
first dielectric plate 102 (material: quartz) being part of the container 100 of the plasma 
device in Fig. 1. In Fig. 16, reference nimieral 301 is an upper glass plate, reference 
numeral 302 is a lower glass plate, reference numeral 303 is a middle glass plate, 
reference numeral 304 is a space 6, reference numeral 305 is a tungsten wire, and 

1 5 reference numeral 306 is an aluminium wire coated with ceramics. 

The jig of Fig. 16 has two glass plates (301 and 302) of 2mm in thickness fixed 
a distance tg apart. A side section of the space 6 (304) formed by the two glass plates 
(301 and 302) is covered by a separate glass (303) so that plasma does not penetrate 
inside the space 5 of width tg. Since the inside of the space 6 (304) is not airtight, gas 

20 penetrates and the pressure inside the space 6 (304) becomes almost the same as the 
pressure inside the container. 

In order to confirm whether or not plasma is generated inside the space 6 (304), 
two probes (305a and 305b) are inserted into the gap. The probes (305a and 305b) are 
tungsten of diameter 0.1mm<t) and length 8mm. The probes (305a and 305b) are heated 

25 if they are irradiated with microwaves, so the outer surface of glass at the edges of the 
probes (305a and 305b) was sealed with copper plate (not shown in the drawing). A 
variable voltage was applied between the two probes (305a and 305b) in an electrically 
floating state, and the current flowing was measured using a multimeter. 

Fig. 17 is a graph showing a relationship between probe voltage and probe 

30 current observed when the variable was applied between the two probes (305a and 
305b). The curve (a) of fig. 17 shows the a current voltage characteristic that is 
symmetrical to the left and right in the case where plasma was generated mside the 
space 6 (304). On the other hand, the curve (b) of Fig. 17 indicates only a noise 
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component in the case where plasma is not generated in the space 6 (304). However, 
since they are many cases where plasma generated inside the space 6 (304) is unstable, 
it is not always possible to obtain the current voltage characteristic having good 
symmetry as shown in Fig. 17. Therefore, in a case where the current value is observed 
to exceed 10'^ A, even only slightly, it is generally judged that plasma has been 
generated in the space 6 (304). 

In this embodiment, plasma ignition tests were carried out for 6 dififerent 
conditions by combining the cases where the distance tg between the two glass plates 
(301 and 302) was 0.7mm and 4nmi, and where the microwave frequency was 2,45 
GHz, 5,0 GHz and 8;3GHz. At this time, Ar gas was introduced so that the pressure 
inside the space 6 (304) was 0.1-10 Torr. Also, the microwave power was supplied up 
to a maximum of 1 600 W. 

Table 1 shows the results of the plasma ignition tests for the above described 6 
conditions. In the table, the mark O indicates that plasma was not generated inside the 
space 6 (304) and the mark x indicates that plasma was generated inside the space 6 
(304). 



Table 1 



Tg [mm] 


Microwave frequency [G 


Hz] 


2.45 


5.0 


8.3 


0.7 


X 


O 


O 


1.4 


X 


X 


X 



20 ~ Asshown iirta51e"I7inthe set of cases where ffie^islance between tfietwo glass 
plates (301 and 302) [namely the width of the space 6 (304)] tg is 0.7mm and the 
microwave frequency is 5.0GHz or 8.3GHz, even if microwave power was delivered up 
to 1600W (power density 1.27W/cm^) there was no plasma excitation inside the space 6 
(304). On the other hand, in the other cases it was confirmed that there was plasma 

25 excitation. 

Fig. 18 shows results of studying the relationship between minimum discharge 
power and Ar pressure for the four conditions where plasma is not generated, among the 
six conditions described above. From Fig. 18, it will be understood that in the case 
where the microwave frequency is low (for example 2.45 GHz), even if the width' tg of 
30 the space 6 (304) is narrowed down to 0.7mm, plasma excitation occurs inside the space 
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6 (304) at low power. 

Contrary to this, by making the microwave frequency high (for example 5.0 
GHz) and narrowing the width tg of the space 6 (304) to 0.7mm or less, even if 
microwave power is delivered up to 1600W (power density 1.27WW) plasma is not 

excited inside the space 6 (304). 

Accordingly, in the plasma device shown in Fig. 15, in order to stop plasma 
excitation in the space 1 (208) between the first dielectric plate 102 and the second 
dielectric plate 116, microwave frequency input to the antenna is made at least 5.0GHz, 
and the width of the space 1(208) is made O.Tmm or less. 

Also, in the plasma device shown in Fig. 15, when a pressure 1 (PI) of the space 
1 (208) between the first dielectric plate 102 and the second dielectric plate 116, and a 
pressure 2 (P2) of space 2 (209) surrounded by the second dielectric plate 116 and wall 
sections (chamber) 101 of the container other than the second dielectric plate 116, and 
where an electrode 109 for holding the object to be treated 104 is arranged, have the 
15 relationship PI > P2, it was confirmed that plasma excitation did not occur in the space 
1 (208) Particularly, it is understood that when PI is sufficiently high compared to P2, 
for example when there was a pressure difference of about 10 times, these effects were 
more remarkable. 

Accordingly, by providing means 5 for generating a pressure difference so that 
20 the pressure 1 (PI) of the space 1 becomes higher than the pressure 2 (P2) of the space 2 
(209) it is possible to prevent plasma excitation in the space 1 (208). 



^(EmbodimaffiLS) 

With this embodiment, in the plasma device shown in Fig. 15, the effects were 
studied of either reducing in size, shielding, or not providing at ail, those slots, among 
25 slots (hole portions penetrating the slot plate) provided in the slot plate constitu^g 

antemia, arranged at sections where the density of plasma generated in the space 2 (209) 

is locally high. , u 

Fig 19 is a schematic cross sectional drawing showing the slot plate when a 
shielding plate 119 is provided on the slots 110' positioned close to the center of the slot 
30 plate Fig. 20 is a schematic plan view showing the slot plate when the size of the slots 
110' positioned close to the center of the slot plate is reduced. Fig. 20(b) is an enlarged 

view of region A of Fig. 20(a). 

In Fig. 20, the case is shown where the length is shortened for only two rmgs of 
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slots from the center of the slot plate, but reduction in size of the lots can be realized by, 
, for example, shortening the slot length. 

Fig. 21 shows results of studying the density of plasma generated at the space 2 
(209), using the slot plate shown in Fig. 19. In Fig. 21, slot A, slot B and slot C are the 
5 names respectively given to the slot distributions for the case when the shielding region 
is small, the case where the shielding region is intermediate in size, and the case where 
the shielding region is large. From Fig. 21 it will be understood that with slot A, the 
density of plasma at the center of a measuring electrode is raised. By arrangmg the 
shielding plate 1 19 at this portion so that slot distribution is slot B, it can be expected to 
10 make the plasma density uniform. However, if the shielding region is made wider, as in 
slot C, conversely to slot A the plasma density rises at the outer edge of the electrode. 

Accordingly, by providing a shielding plate 119 having an appropriate shielding 
region, the output of electromagnetic waves radiated from the slots is reduced, and the 
density of excited plasma can be made even more uniform. 
1 5 A shieldmg plate 1 1 9 that can hope to achieve the above describe operation and 

effect preferably has a shape and size so as to shield the slots of the slot plate. Namely, 
it goes without saying that either by reducing the slot size or even using a method of not 
providing any slots, the same effects can be anticipated as in the case where the slots are 
shielded. 
20 (Embodiment 9) 

With this embodiment, in the plasma device shown in Fig. 15, the effects were 
studied of providing means 6 for maintainmg the antemia at a fixed temperature close to 
the antemia, and means 7 for maintaining the temperature of the first dielectric plate at a 
fixed temperature close to the first dielectric plate. 
25 In the plasma device shown in Fig. 15, as shown in Fig. 22, structures 120 and 

121 capable of maintainmg the antemia guide 108, waveguide dielectric plate 103, 
antemia slot plate 106, and first dielectricplate 102 at a fixed temperature are provided 
close to the antemia guide 108. The structures 120 and 121 are equivalent to the means 
6 and the means 7. 

In this case, the antemia slot plate 106 is arranged so as to be completely stuck to 
the waveguide dielectric plate 103. By having this arrangement, if a gap exists between 
the antemia slot plate 106 and the waveguide dielectric plate 103, surface waves will be 
generated at that part, and it is possible to effectively avoid a phenomenon where it is 
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impossible to radiate electromagnetic waves. To do this, the shape of the waveguide 
dielectric plate 103 must hardly be changed by forces or heat firom outside, and it is 
necessary to use a material having high thermal conductivity and low microwave loss, 
for example, quartz glass (SiO,). aluminium nitride (AIN) etc., but it is not limited to 
these materials, and any material can be used as long as it satisfies the above described 
conditions. 

In this embodiment, in the two structures 120 and 121, a method is employed 
where heating medium flows and deshred locations are cooled, but a material having 
high thermal conductivity is preferred as the heating medium. As such a heating 
medium, fluid, gas (helium, nitrogen, etc.) and the like can be considered, but they are 

not limiting. 
(Embodiment 10) 

As shown in Fig. 23, this embodiment is different from embodiment 9 in that a 
spacer 118 is provided in a space between the antemia slot plate 106 and the first 
dielectric plate 102 as means for preventing warping of the slot plate. In this 
embodiment the spacer 118 is made of TEFLON. 

In the case where it is impossible prevent warping of the slot plate in 
embodiment 9, by providing the spacer 118 in a space between the antemia slot plate 
106 and the.first dielectric plate 102 it becomes possible to prevent warping of the 

antenna slot plate 106. 

-nxe spacer 118 is provided at a position where the slots 119 of the slot plate 106 
r,nt o pen out so as not to impede radiation of electromagnetic waves from the slot 



plate 106. 
(Embodiment 11) 

As shown in Fig. 24, this embodiment differs from embodiment 9 in that a 
sensor 122 is provided either in the container or at the edge of the container, as means 9 
for detecting the presence or absence of generated plasma in the space 2. 

The sensor 122 is comiected to a microwave power supply, not shown m the 
drawing, and when plasma is being excited in the chamber 101 it detects plasma, causes 
the microwave power supply to provide output and plasma excitation is inhibited, while 
when plasma is disappearing the sensor 122 immediately suspends output from the 
microwave power supply. In this embodiment, a photo transistor is used as the sensor 
122 and detects plasma light emission, but it is perfectly acceptable to use alternate 
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means. 



Accordingly, by adopting the sensor 122 it is possible to prevent careless heating 
and damage of the inside of the chamber 101 and the object to be treated 104 etc due to 
magnetic waves radiated from the antenna 201 when plasma activation suddenly stops. 

5 (Embodiment 12) 

In this embodiment, the effects of having a structure for causing the temperature 
of the container wall surface and parts ote than the object to be treated inside the 
container to be raised to 150*'C, and/or a structure for causing the temperature inside aU 
the units constituting the exhaust systan to be raised to ISO^C, 
10 The above described effects were studying a relationship between container 

inner wall temperature and reaction by-product (polymerization fihn) deposition, 
namely, dependence of deposited fihn thickness on inner wall temperature using the 
vacuum device shown in Fig. 25 in a range of 50 — 1 SO^C. 

In Fig. 25, reference nvmieral 501 is a chamber, reference numeral 502 is plasma, 
1 5 reference numeral 503 is an object to be treated, reference numeral 504 is an electrode, 
reference numeral 505 is a heater, reference numeral 506 is a laser, and reference 
numeral 507 is a photodetector. In this case, gas used was a mixture of C4Fg and HjO, 
[C4Fj:H20 = 7:3, total gas flow amount:40 (seem)], pressure was lOmTorr, and 
discharge power was lOOOW. With the vacuum device of Fig. 25, an Si wafer was used 
20 attached to a flat tip of a copper rod, as the object to be treated 503, and heating of the 
object to be treated was carried out using a sheath heater provided inside the rod. 

Fig. 26 shows the results of studying the relationship between the deposition rate 
of the polymerization film and the temperature of the inner wall of the chamber. From 
Fig. 26 it will be understood that the polymerization film deposition rate is rapidly 
25 decreased accompanying increase > wafer temperature and that at around 150°C 
deposition of the polymerization fihn could not be observed. 

Accordingly, it was determined that by providing either a structure for causing 
the temperature of the container wall surface and parts other than the object to be treated 
inside the container to be raised to 150°C. and/or a structure for causing the temperature 
30 inside all the uiiits constituting the exhaust system to be raised to ISCC, it was possible 
to prevent the build up of a polymerization fihn composed of moisture and reaction by- 
products. 
(Embodiment 13) 
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As shown in Fig. 27, this embodiment differs from embodiment 9 in that a 
Xenon (Xe) lamp is used as means for heating the object to be treated 104. 

The Xe lamp 125 can effectively heat only the surface of the object to be treated 
104 by irradiating Ught to the object to be treated 104 through a Ught inlet 124 and a 
5 window 1 23 made of a material that passes light. 

In this embodiment a Xe lamp is used as means for heating the object to be 
treated 104, but another Ught source can be used, or the electrode 109 holdmg the object 
to be treated 104 can be heated by a direct electrotheamal line etc., but heating using Xe 
lamp irradiation is preferred. 
10 Also, in Fig. 27 the Xenon lamp inlet 124 is provided on part of the outside of 

the chamber 101, but it is more preferable to uniformly provide a plurality of such inlets 
on ihe outside of the chamber 101 . 
(Embodiment 14) 

A simple schematic drawing of the situation \^en adopting a staged cooler 
15 method in the collection and recycling of fluorocarbon gas is shown m Fig. 28. It is 
possible to carry out recycling of the gas expelled from mside the container as a Uquid 
by gradually cooling from a high boiling point gas and performing Uquefaction and 
distillation purification. Fluorocarbon gas contributes to global warming 100,000 - 
1,000,000 times more than CO^, which means that the effects of collecting and 
20 recycling the fluorocarbon gas is unmense. 
(Embodiment 15) 

A self cleaning gas plasma has to satisfy the following two requirements in order 
to rapidly remove reaction gas products adhered to the chamber without iJfflirtiHg- 
damage on the inner wall of the chamber. 
25 ® high ion daisity and radical density 

(I> lowplasinapotentiaKsmallenergyofionsmcidenttothechamberwall) 

Also, at the same time as these two requirements, there is also a demand for 
material of the inside of the chamber to have strong ion radiation and extremely good 
plasma resistance. 

30 Fig. 29 shows the relationship between average binding energies of various 

fluorine type gases and their plasma parameter. From this drawmg, it will be more 
clearly understood that there is an intimate relationship between binding ener^ and 
plasma parameter. Namely, ion irradiation energy becomes small and ion density 
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becomes high as binding energy falls. Plasma energy does not depend largely on 
binding energy of gas molecules. From this it will be understood that NFj is an 
extremely suitable gas for self cleaning. Accordingly, when a self cleaning structure is 
required the inner walls of the container must have excellent plasma resistance and it is 
5 best to use an alloy such as AlFa/MgFj. 

Fig. 30 shows the results of evaluating damage cavised by plasma irradiation of 
AlFj/MgFj alloy when is used as the chambar inner wall material of the device of Fig. 15, 
and gas having a small gas molecule binding energy (such as NF3) is used as cleaning 
gas. Fig. 30(a) is a profile of the AlFj/MgFj alloy in a depth direction using XPS (X ray 

10 photoelectron spectroscopy) before NF, plasma inadiation, and Fig. 30(b) is a profile 
after two hours of NFj plasma irradiation. From the results shown in Fig. 30, it will be 
understood that there is hardly any damage attributable to plasma irradiation. 

Accordingly, when there is a need to have a self cleaning structure in the device 
the container inner walls must have excellent plasma resistance and it is best to use 

15 AlFj/MgFj alloy. 
(Embodiment 16) 

With this embodiment, in the plasma device of Fig. 15 an antenna 201 is located 
outside the container 101 via the first dielectric plate 102, and plasma excitation is 
caused by introducing microwaves through a coaxial tube 107 and radiating 
20 electromagnetic waves inside the container 101. 

Fig. 31 is a graph showing the results of measuring distribution of ion saturation 
current. Fig. 32 is a graph showing the results of measuring distribution of electron 
temperature, and Fig. 33 is a graph showing the results of measuring distribution of 
electron density. 

25 From Fig. 3 1 to Fig. 33 it will be understood that with the plasma device of the 

present invention, uniform plasma excitation can be caused by covering high density 
plasma having a ion saturation current of at least 14mA/cm^ electron density in the 
region of l.eV (15000K) and electron density of at least 10" over a large surface area of 
diameter 300mm or more inside the container 101 . 

30 Fig. 34 is a schematic drawing of a system for measuring the ion current 

distribution. This is measurement of ion current distribution using a disk-shaped 
electrode 401. The disk-shaped electrode 401 was used in place of the object to be 
treated 1 04 and electrode 1 09 in the plasma device shown in Fig. 15. 
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In Fig. 34, reference naimeral 401 is the disk-shaped plate, reference numeral 
402 is a pin. reference numeral 403 is an aluminium wire, reference numeral 404 is a 
resistor, reference numeral 405 is an operational amplifier, reference numeral 406 is an 
A-D converter, reference numeral 407 is a computer, reference numeral 408 is a 
5 stepping motor and reference numeral is a power supply. 

The disk-shaped electrode 401 in Fig. 34 is a piece of disk-shaped alumiiiiuiri 
having a diameter of 300mm<j> and nine pins 402 are anbedded in the top of the disk- 
shaped electrode 401 an equal distance apart on a line running j&om the center to a point 
at a radius of MOnam. 

10 Electric current flowing from the plasma to the pins 402 is taken outside the 

chamber through ceramics-coated aluminium wires 403 connected to the pins 402 and 
current introduction terminals (not shown). A voltage of -20V relative to the potential 
of the chamber is appUed to the pins 402, and only positive ions flow in the plasma. A 
potential generated by this positive ion flow is converted to a voltage signal by the 

1 5 resistor 404, and after being amplified by the operational amplifier 405 is converted to a 
digital signal by the 16 channel A-D converter 406 and transmitted to the computer 407. 

The aluminium electrode 401 is covered with polyimide tape (not shown). 
Measurements of rotation of the electrode 401 by the stepping motor 408, and 
measurements of ion current by the A-D converter are synchronized using the computer 

20 407. Measurement of ion current is carried out 200 times for each pin 402 per rotation 
of the electrode 401, to obtain a fine two dimensional distribution. 

Fig. 35 is a schematic diagram shoAving a single probe system used in 
measurement of electron temperature and electron density in this example. 

If the probe is inserted into a section where the microwave power density is 

25 large, as shown in Fig. 35, the probe tip (tungsten wire, 0.1mm(j>) 601 is heated by the 
microwaves, and there is a possibiUty that thermoelectrons will be discharged. There is 
also a possibility that ionization will occur frequently inside the probe seal. In either 
case it becomes impossible to obtain a voltage current characteristic of an ordinary 
single probe. 

30 Therefore, 0.5mm diameter sUver wire 602 wound in a spiral manner is arranged 

clearing a gap at the edge of the probe tip 601 for the purpose of shielding microwaves. 
The silver wire has low resistance and is not heated by the. Also, the use of 
comparatively fine wire for shielding is so that the efiect on the plasma can be kept to a 
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minimiirn. 



A comparison was carried out for the case where the sUver wire was provided in 
a spiral maimer, and the case where it was not. At a section where the microwave power 
density was smaU, hardly any difference could be seen between the two characteristics. 
At a section where the microwave power density was large, m the case where the silver 
wire was not arranged in a spiral manner, when a negative potential was apphed to the 
probe the current value noticeably increased, but in the case where the silver wire 
was arranged in a spiral manner a normal characteristic was obtained. In this way, m the 
case where microwave power density inside the plasma is large, it is effective to shield 
the edge of the probe tip 601 from microwaves using a metallic wire etc. 

In order to obtain a z direction [in the device of Fig. 15 a direction from the 
second dielectric plate 116 facing the electrode 401] distribution for each plasma 
parameter, a structure was made that could move the probe in the z direction using the 
stepping motor 408. The maximum speed of movement of the probe was 300mm/sec 
15 and the positional resolution was 0.02mm. control of probe position using the stepping 
motor 408 and measurement of the current voltage characteristic was synchronized 
using the computer 497. In order to prevent heating of the probe, experimentation was 
carried out restricting the time of reciprocation in the z direction to less than 5 seconds. 
(Embodim«Qt 17) 

With this embodiment, plasma etching was carried out for the object to be 
treated 104 by applying a high frequency to the electrode 109 having the function of 

.holding the obj ect to be treated 104, in the plasma device shown in Fig. 1 5. An Si wafer 

formed in the surface of a Poly-Si fihn mainly used as a gate electrode matenal for a 
MOS transistor was used as the object to be treated 104. and this Poly-Si fihn was 

25 etched. ^ • p 

A high frequency was appUed to the electrode 109 having the fimction of 

holdmg the object to be treated 1 04 from means (not shown) capable of applying a high 

frequency bias. Gas such as Cl„ 0„ HBr etc was used as the source matenal gas, but 

this is not limiting. Fig. 36 is a graph showing results of the plasma etching. From Fxg. 

36 for a total of nine measurement points (the center point and 8 points spaced equally 

aplrt in two rings of four 150 mm and 280 mm from the center) on the object to be 

processed (size 300mm*), with an etching rate uniformity of the Poly-Si fihn of about 

50/0 per unit time, it was confirmed that extremely uniform etching was possible on a 
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large diameter (300min(j>) object to be treated- 
(Embodiment 18) 

In this embodiment the case where the device of the present invention is ^pUed 
to a plasma oxidation device for oxidizing the surface of an object to be treated at low 
temperature is illustrated. Here, description will be given for the case where an Si 
substrate was used as the object to be processed, the and a gate oxidation fihn was 
formed on the surface of the object to be treated using direct oxidation with Oj. 

At and O2 were used as source material gases. It is also possible to use Xe in 
place of Ar as a carrier gas. It is also possible to add He etc. to a mixed gas comprising 
ArandOj. 

Fig. 37 is a schematic diagram showing a combination of a cross section of 
elements constituting this example, and a system for measurement of element withstand 
voltage. 

In Fig. 37, the element whose withstand voltage has been measured comprises 
an object to be treated 701 constituted by an n type Si wafer, a field oxidation fihn 702, 
a gate oxidation fihn 703, and a gate electrode 704. Also, reference numeral 705 is a 
probe used in measurement of withstand voltage, reference numeral 706 is a voltmeter, 
reference numeral 707 is voltage applymg means and reference numeral 708 is an 
ammetCT. 

Formation of the element shown m Fig. 37 and measurement of the withstand 
voltage are carried in the fpllowhig order. 

(1) Aftpr a field oxidation fihn 702 (thickness:800mn) formed of SiO^ has been 



formed on the n type Si wafer usmg a thermo oxidation method [(H^ + gas), 
H,=ll/min, 0,=iymin, temperature of object to be treated=1000°C], part of the field 
oxidation fihn 702 was subject to etching processmg and the surface of the n type Si 
wafer was exposed. 

(2) Only the exposed surface of the field oxidation fihn 702 was dkectly 
oxidized usmg the plasma device of the present invention, and the SiO, gate oxidation 

fihn 703 (surface area 1.0 x lOW, thickness 7.6mn) was formed. 

The fihn forming conditions at this time were fihn forming gas (Ar + O2), gas 

pressure 30mTorr, partial pressure ratio Ar:0, = 98:2, microwave power 700W, 
oxidation processing tune 20 min, the object to be heated was held in an electiicaUy 
floating state, and the temperature of the object to be treated was 430°C. 
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(3) A gate electrode 704 of Al (thickness lOOOmn) was formed on the field 
oxidation fihn 702 and the gate oxidation fibn 703 by a vapor deposition method. 

(4) The probe 705 was brought into contact with the gate electrode 704, a d.c 
voltage was applied to the object to be treated 701 formed of the n type Si wafer via the 

5 gate electrode 704, and the voltage at which the gate oxidation fihn 703 suffered 
dielectric breakdown (namely the withstand voltage) was measured using the voltmeter 
706. 

Fig. 38 is a graph showing the results of measuring withstand voltage. Fig. 38(a) 
shows the case when the gate oxidation film is manufactured using the device of the 
10 present invention. Cto the other hand. Fig. 38(b) shows the case when the gate oxidation 
fihn is manufactured using a device of the related art With a conventional device, 
plasma is generated by applying a high firequency of lOOMHz to parallel plate type 
electrodes, and the gate oxidation film is formed. 

In Fig. 38, the horizontal axes represent withstand voltage and the vCTtical axes 
1 5 represent the fi-equency with which elements were obtained for each withstand voltage. 
For example, the bar graph at the lOMV/cm part of the horizontal axis is the firequency 
of occurrence of elements having withstand voltage in the range 9.5 - 10.4MV/cm. The 
number of elements measured was 30 for each of Fig. 38(a) and Fig. 38(b). 
The following points become clear firom Fig. 38. 
20 ® Elements manufactured using the device of the related art have a wide 

withstand voltage distribution (that is, uniformity is bad) and average withstand voltage 

is 10.2MV/cm [Fig. 38(b)]. 

(D Elements inanufactured using the device of the present invention have a 

narrow withstand voltage distribution (that is, unifomiity is good) and a high average 
25 withstand voltage of 11.9MV/cm can be obtained, so it is understood that the fihn 

quality of the gate oxidation fihn has been improved [Fig. 38(a)]. 

Accordingly, by carrying out direct oxidation using the plasma device provided 

with the radial line slot antenna of the present invention, it is possible to form an 

oxidation fihn having high uniformity and high withstand voltage, which means that it 
30 was confirmed that elements having excellent withstand voltage could be manufactured 

stably. 

In this example, the device of the present invention has been appUed to a plasma 
. oxidation device for oxidizing the surface of an object to be treated at a low temperature, 
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but it was also confirmed that it was possible to obtain high iinifoimity oxidation fihns 
by eq>plying it to a plasma nitriding device for nitriding the surface of an object to be 
treated. 

(Embodiment 19) 

This example shows an embodiment for the case where the present invention is 
appUed to a plasma CVD device for film fonnation of a thin fihn on the surface of a 
substrate. Description will be given for the case where single crystalline Si is formed as 
a film on an amorphous Si substrate. 

In the example, fihn formation of single crystalline Si is carried out on an 
amorphous Si substrate, but it is also possible to form polycrystalline Si as a thin fihn 
on amorphous Si. The material of the substrate on which fihn formation is carried out is 
not limited to Si and can be a glass or quartz substrate, etc. 

SiH4, H2, and Ar are used as the source material gas, but the source material gas 
is not limited to this combination and it is possible to use Xe in place of Ar, although Xe 
is preferred. 

The proportion of Ar must be maintained at at least half of the total amount. In 
this example, Ar is provided in a proportion of 50%, but this is not limiting. The 
reason for this is that on a plasma excitation method using microwaves, since it is 
necessary to have a quite high electron density within the plasma in order to maintain 
excitation of tiie plasma, it is necessary to increase the proportion of Ar that can obtain a 
higher electron density. 

Alsr>, the amor phous Si substrate surface is heated up to a temperature of 500°C 



by irradiation by a xenon lamp and an insufiicient energy is compensated for by plasma 
ion irradiation. It is also possible to use other temperature raising metiiods, but the 
method using a xenon lamp is preferred. 

In order to form a film of single crystalline Si on the amorphous Si substrate, it 
is necessary for the kernel of crystal Si grown on the substrate surface during fihn 
formation to have the same in-plane orientation as the substrate. Tliis means that if 
differences exist in the fihn in-plane formation conditions, fihn formation will be 
carried out with unequal orientation of the crystal kernel, so tiiere is a necessity to make 
m-plane fihn formation conditions exactiy uniform. 

By using the plasma device of the present mvention, it is possible to provide 
uniform film formation conditions over a large surface area, and for the first time it 
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becomes possible to form a film of single crystalline Si on an amorphous substrate at 
low temperature, which impossible in the related art. 

As a result, it was possible to form a single crystalline Si film on a Si substrate 
of 300mm in diameter at a temperature of SOCC and a fihn formation rate of 0.1|jm 
5 every minute. 

Results of forming a fihn of Poly-Si on a glass substrate also show that it is 
possible to obtain a high quaHty thin fihn with a mobiHty (carrier transfer rate) of 300 or 
greater. 

(Embodiment 20) 

10 This example is different firom embodiment 19 in that a fihn of SiOj is formed 

on the Si substrate, and the remaining aspects are the same and will be omitted. 

In this example, SiH4, and Ar are used as the source material gas, but this 
combination of gases is not limiting and it is possible to use Xe in place of Sr as a 
carrier gas, andN.O can be used instead of O^. It is also possible to add He etc, to the 

15 mixed gas comprising SiK,, O2 and Ar. 

As a result, it was possible to form a fihn on an Si substrate of 300mm in 
diameter at a temperature of 350°C and a fihn formation rate of Cl^m every minute 
and in-plane uniformity was less than ±5%. 
(Embodiment 21) 

20 -niis example is different firom embodiment 19 in that a fihn of SijN^ is formed 

on the Si substrate, and the remammg aspects are the same and wiU be omitted. 

In this example, SiH4 and NH3 are used as the source material gas, but this 

combination of gases is not limiting and it is possible to use Xe m place of Ar, and N, 

can be used instead of NH3. 
25 As a result, it was possible to form a fihn on a Si substrate of 300mm in 

diameter uniformly at room temperature and with a fihn formation rate of O.ljmi every 
minute, and in-plane uniformity was less than ±5%. 
(Embodiment 22) 

This example is different from embodiment 19 m that a BST thm fihn [(Ba, Sr) 
30 Ti03], bemg a ferroelectric thm fihn, is formed on a Pt thm fihn that has been formed on 
the Si substrate. The remaimng aspects are the same as embbdhnent 19 and will be 
omitted. 

hi this example, Ba(DPM)„ Se(DPM)„ and TiO(0-iC3H, ), and Ar are ^sed as 
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the source material gas, but tiiis combination of gases is not limiting and it is possible to 
use Xe in place of Sr, although it is preferable to use Xe rather than Ar. 

The Pt thin film is formed on the Si substrate beforehand using a sputtering 
method, and also serves as barrier metal to prevent the electrode and the Si substrate 
5 against reaction with a foundation of Ba, Sr, Ti. This embodiment is not limited to the Pt 
thin film, and it is also possible to use Ru or RuOj etc. 

As a result, it was possible to achieve a film formation rate of 0.5mm every 
minute imiformly on a Si substrate of 300mm in diameter at a temperature of 450°C, 
and the relative permittivity of the thin film was proximately 1 60. 
10 (Embodiment 23) 

This «cample is different from embodiment 19 m that a SBT thin film 
[SrBijTajOJ is formed on a Pt thin film fliat has been formed on the Si substrate. The 
remaining aspects are the same as embodiment and will be omitted. 

In this example, Sr(DPM)2, Bi(C6H5)3, riO(0-iC3H7)2 and Ar are used as the 
1 5 source material gas, but this combination of gases is not limiting and it is possible to use 
Xe in place of Sr, although it is preferable to use Xe rather than Ar. 

As a result, a ferroelectric thin film having a remanence of about 30|xm/cm^ was 
obtained. 
(Embodiment 24) 

20 This example shows the case where Hhe present invention is applied to a plasma 

CVD device for formation of a diamond thin film on the surface of a substrate. 
Description will be given for the case where Si is used as a substrate and fihn formation 
is carried out on this substrate. 

In this example CO, Hj, Oj and Ar are used as the source material gas, but this 

23 combination is not limiting. 

The substrate temperature was set to 500"'C. Also, the diamond thin fihn was 
formed by simultaneously proceeding with the elementary reactions of decomposition 
and deposition of carbon gas, diamond nucleation, generation of sp' carbon, and 
removal of by-products (graphite type carbon, polymer). In the formation of the 

30 diamond thin fihn, ion energy must be low, and compared to a plasma device of the 
related art the device of the present invention enables plasma generation over a large 
surface area at high density and low energy, which means that film formation rate can 
be increased and high quality thin fihn formation is possible. 
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(Embodiment 25) 

This example is diffefent from embodiment 19 in that a P-SiN film is formed on 
the Si substrate, and the remaining aspects are the same as embodiment 19 and will be 
omitted. 

In this example, the substrate temperature was 300°C and SiH*, NH3 and Ar 
were used as the source material gas, but this combination of gases is not limiting and it 
is possible to use Xe m place of Sr, and to replace NH3 with Nj. 

As a result, it was possible to form a fihn on a Si substrate of 300mm in 
diameter at a film formation rate of O.lpm every minute and in-plane uniformity was 

less than ±5%. 
(Embodiment 26) 

This example is different from embodiment 19 in that a P-SiO fihn is formed on 
the Si substrate, and the remaining aspects are the same as embodiment and will be 
omitted. 

In this example, the substrate temperature was 300°C and SiH4, N^O and Ar 
were used as the source material gas, but this combination of gases is not limiting and it 
is possible to vise Xe in place of Sr. 

As a result, it was possible to form a fihn on a Si substrate of 300mm in 
diameter at a fihn formation rate of O.ljun every minute and in-plane uniformity was 

less than ±5%. 
(Embodiment 27) 

Th^.; e xampl e is different from embodiment 19 in that a BPSG film is formed on 



the Si substrate, and the remaining aspects are the same as embodiment 19 and wUl be 
omitted. 

In this example, the substrate temperature was 450°C and SiH4, PH3, BzH^, O2 
and Ar were used as the source material gas, but this combination of gases is not 
limiting and it is possible to use Xe in place of Sr. 

As a Insult, it was possible to form a fihn on a Si substrate of 300mm in 
diameter at a fihn formation rate of 0.1pm every minute and in-plane uniformity was 

less than ±5%. 
(Embodiment 28) 

This example shows the case where the device of the present mvehtion is 
applied to a plasma nitriding device for nitriding the surface of an object to be treated at 
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low temperature. Description will be given for the case where an Si substrate is used as 
the object to be treated and direct nitriding is carried out on the surface of the Si 
substrate using Nj. The source material gas was Ar and Nj. It is also permissible to use 
He or Xe in place of Ar as a carrier gas. Also, He, Ne, Xe etc. can be added to the mixed 
5 gas comprising Ar and Nj. It is also possible to replace with NH3. 

Fig. 39 is a graph showing results of analyzing the chemical binding state of a Si 
surface, using an X-ray photoelectron spectroscope, after direct nitriding of the Si 
substrate surface for 30 minutes using a mixed gas of Ar/Nj = 97%/3% and growth of a 
5nm nitride filTn^ using the device of the present invention. The horizontal axis 

10 represents binding energy between photoelectrons and a nucleus, and the vertical axis 
represents the number of electrons having that binding energy. For the sake of 
comparison, the spectrum of the surface of 5nm silicon nitride film grown by processing 
in an N2 atmosphere at 1300*^0 for 120 minutes is also shown. 

From Fig. 39 a peak attributable to the silicon substrate and a peak of the silicon 

15 nitride film grown on the substrate were confirmed in the spectrum for the silicon 
nitride film grown using the device of the present invention. From the fact that the 
position and shape of the peak attributable to the silicon substrate were almost the same 
as those for the silicon nitride film formed at 1300''C, it was confirmed that the formed 
silicon nitride film was complete. 

20 Fig. 40 is a schematic drawing showing a combination of a cross section of an 

element formed in the present embodiment and a system for measuring dielectric 
breakdown injection charge amoimt for the element. In Fig. 40, the element that has had 
dielectric breakdown injection charge amount measured comprises an object to be 
treated 801 made of an n type Si wafer, a field oxidation fihn 802, a gate nitride fihn 

25 803 and a gate electrode 804. Also, reference numeral 805 is a probe used in 
measurement of dielectric breakdown injection charge amount, reference nximeral 806 is 
a voltmeter, reference numeral 807 is a constant current source and reference numeral 
808 is an ammeter. 

Element formation and dielectric breakdown injection charge amount 
30 measurement shown in Fig. 41 are carried out using the measurement meter shown in 
Fig. 40 and carrying out the following procedure. 

(1) After a field oxidation film 802 (thickness: 800nm) foraied of SiOz has been 
formed on the n type Si wafer 801 using a thermo oxidation method [(Hj + O2 gas), 
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H2=ll/min, 02=11/Tnin, temperature of object to be treated=1000''C], part of the field 
oxidation film 802 was subject to etching processing and the surface of the n type Si 
wafer was exposed. 

(2) Only the exposed surface of the jfield oxidation film 802 was direct nitrided 
5 using the plasma device of the present invention, and the gate nitride film 803 (surface 

area 1.0 x lO'^cm^, thickness 5.6nm) formed of 81304 was fomied. The film forming 
conditions at this time were film fomiing gas (Ar + Nj), gas pressure SOmTorr, partial 
pressure ratio Ar/Nj = 99.7% - 90%/0.3% - 10%, microwave power 700W, nitriding 
processing time 30 min^ the object to be treated was held in an electrically floating state, 
1 0 and the temperature of the object to be treated was 430°C. 

(3) A gate electrode 804 of Al (thickness lOOOnm) was formed on the field 
oxidation film 802 and the gate nitride film 803 by a vapor deposition method. 

(4) The probe 805 was brought into contact with the gate electrode 804, a 
constant current was applied to the object to be treated 801 formed of the n type Si 

15 wafer via the gate electrode 804 using the constant current source 807 so the electron 
density became 200n:iA/cm^, and time taken for the gate nitride film 803 to suffer 
dielectric breakdown was measured. The electron density value multiplied by this time 
is the dielectric breakdown injection charge amoxmt. 

Fig. 41 is a graph showing results of measuring the dielectric breakdown 

20 injection charge amoxmt of a silicon nitride film formed at 430**C using the device of the 
present invention. For the sake of comparison, the dielectric breakdown injection charge 
amount for a silicon nitride film formed at 1300°C in an N2 atmosphere is also shown. 
In Fig. 41 the horizontal axis represents injection charge amoimt andihe vertical axis" 
represents the cumulative firequency of elements obtaining each of the charge injection 

25 amounts. Twenty elements were measured. From Fig. 41 it is understood that m the case 
of forming a nitride film on an Si substrate using the device of the present invention, 
even at a film formation temperature as low as there was no effect (With normal fihn 
formation at 430^C it is impossible to even cause direct nitriding on the surface of a 
silicon substrate. In order to carry out nitriding of a silicon surface using N2 gas a 

30 substrate of at least lOOO^'C is required.), a maxunum dielectric breakdown injection 
charge amount of 123C/cm2 was obtained, and the same characteristic as that for 
dielectric breakdown injection charge amount for a film formed at 1300°C was 
exhibited. 
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Accordingly, by carrying out direct nitriding of a silicon surface using the device 
of the present invention, formation of a silicon nitride film having the same electrical 
characteristic as a silicon nitride film formed at 1300®C was achieved even at a low 
temperature of 430^C. 

5 In this embodiment, the device of the present invention has been applied to a 

plasma nitriding device for nitriding the silicon surface of an object to be treated at low 
temperature, this embodiment is not limited to Si and even if it was applied to nitriding 
of metallic surfaces such as Ta, W, Al, H etc it was confirmed that it was possible to 
obtain a high qxiality metallic nitride film at a low substrate temperature, 

10 (Embodiment 29) 

This embodiment shows an example where the device of the present invention is 
used as a plasma CVD device for forming a polycrystalline silicon thin film on the 
surface of a substrate, and formation of a polycrystalline silicon film on an oxidation 
film that has been formed on the Si substrate. The source material gas was a mixed gas 

15 of Ar and SiH4. It is also permissible to add Hj, He, Ne, Xe etc. to the mixed Ar and 
SiH4 gas. It is also possible to xise He or Xe in place of Ar. It is also possible to use 
SijHg, SiHCl3, SiH2Cl2 and SiCl4 instead of SiH4 and obtain the same effects. An 
oxidation film formed on the Si substrate to a thickness of 50nm using a thermal 
oxidation method [(H2 + 02) gas, H2 = 11/min, 02 = 11/min, Si substrate temperature = 

20 lOOCC] is used as the substrate. In this embodiment, formation of the oxidation film is 
carried out usiag a thermal oxidation method, but the means for oxidation film 
formation is not thus limited and an oxidation film formed by any means is permissible. 
After formation of the oxidation film on the Si substrate, and after a polycrystalline 
silicon thin film has been deposited to a thickness of 120nm using the device of the 

25 present invention imder conditions of substrate temperature 300°C and Ar/SiH4 = 
99.95%/0.05%, the polycrystalline silicon thin film is analyzed using an X-ray 
diffractometer. For the sake of comparison, after a polycrystalline silicon thin film has 
been deposited to a thickness of 120mn using a parallel plate type CVD device of the 
related art under conditions of substrate temperature 300°C and Ar/SiH4 = 

30 99.95%/0.05%, the polycrystalline silicon thin film was similarly analysed using an X- 
ray diffractometer. 

Fig. 42 is a graph showing X-ray diffractometer measurement results of the 
polycrystalline silicon thin films. The horizontal axis represents an X-ray scattering 
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angle 20 attributable to the surface direction, and the vertical axis represents the X-ray 
strength at that scattering angle. A large peak strength of the X-ray dif&actometer 
indicates a high cystallinity in the surface direction. From Fig. 42 it will be understood 
that the polycrystalline silicon film formed using the device of the present invention 
clearly has improved cystallinity compared to the film formed using the parallel plate 
type CVD of the related art, 
(Embodiment 30) 

This embodiment shows the case \^ere the present invention is applied to a 
magnetron plasma etching device. 

A plasma device has two plate type electrodes electrode I and electrode 11 which 
are parallel to each other. A substrate to be processed using plasma is mounted on a 
surface of electrode I opposite to electrode n, and is provided with means for applying a 
magnetic field being horizontal and imidirectional onto the substrate. The electrode II 
comprises a central section electrically connected to ground, and an outer section 
connected to a high frequency power supply that can be controlled independently of a 
high frequency power supply connected to the electrode 1. A focus ring is also provided 
at a section electrically connected to electrode I, for the purpose of making the density 
of plasma generated around the substrate surface uniform. The focusing ring has means 
for adjusting junction impedance. 

A structural drawing of the etching device of the present invention is the same as 
Fig. 44 and so is omitted. 

In this device, a dipole ring magnet (hereinafter referred to as a DRM) having a 
plurality of permanent magnets lined up in an annular shape is used as the magnetic 
field applying means. The permanent magnets constituting the DRM are aligned so that 
magnetization is performed in one direction as the magnet positions go halfway round 

. Here, a DRM is used as the magnetic field, but other means for applying a 
magnetic field can also be used. Also, the plasma density is increased here using a 
magnetic field, but other means can also be used, and when there is no need to increase 
plasma density there is no need to use any means at all. 

The electrode 11 is a ring shaped metallic plate in this case, and is provided in 
order to cause increased in-plane uniformity of the plasma in the vicinity of the 
substrate surface. High firequency power output from the high frequency power supply 
n is applied to the electrode II via the matching circuit II. By balancing electron drift on 
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the surface of the electrode H, caused by appKcation of a magnetic field using 
application of a suitable high frequency power to the electrode II, and electron drift on 
the surface of the substrate, the plasma in the vicinity of the substrate is made almost 
completely uniform. In a case where the in-plane uniformity of the plasma is favourable 
5 even without the apphcation of a high frequency to the electrode 11, or where there is no 
problem even if it is not uniform, there is no need to specially provide the electrode II. 
Similarly, also with respect to the focus ring provided for the purpose of making the 
density of the plasma to be generated in the vicinity of the substrate surface uniform, in 
a case ^ere the in-plane uniformity of Uxo plasma is favourable even without the 
10 application of high frequency to the electrode n, or where there is no problem even if it 
is not uniform, it is possible to either reduce the size of the focus ring or not provide it 
at all. 

As a material for the wall surface inside the container, a material containing as 
low an amount of discharge gas (such as moisture) as possible is used, in this case ADSf. 

15 However, the internal wall surface is not limited to this material. The high frequency 
applied to the electrode I was 13.56 MHz, and the high frequency applied to the 
electrode II was lOOMHz. In this case, by making tiie frequency applied to the electrode 
n higher than the frequency applied to the electrode I, a self bias voltage for the 
electrode n becomes small which means that the problem of the electrode 11 being 

20 sputtered by the plasma and the inside of the container suffering from metallic 
contamination are solved. The high frequencies applied to the electrodes I and II are not 
limited to those in this example. 

Only the exhaust system of the above described device was modified and the 
major difference of the exhaust system of the present invention was evaluated in 

25 comparison to the exhaust system of the related art (i.e., the method disclosed in Fig. 
43(a)). The evaluation method was to prepare an insulation film BPSG to a thickness of 
1.5|mi on an Si wafer 200mm in diameter as the substrate to be plasma processed, 
moimt the substrate on electrode I and carry out etching while increasing a total gas 
flow amoimt with a fixed process gas ratio, and measuring the etching rate using 

30 disparity between the exhaust systems. The conditions for etching the substrate were 
power of a high firequency (13.56MHz) applied to the electrode I ITOOW, power of a 
high frequency (lOOMHz) applied to the electrode E 400 W, process pressure 40mTorr, 
electrode spacing 10mm, and process gas ratio of C4F8:5%, CO: 15%, Ar 78%, and 
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©2:2%, but these conditions are not limiting. The results of the evaluation are shown in 
Fig. 57. (The marks Aand Arepresent etching rate at the center of the wafer, while the 
marks B and □ represent etching rate at the end of the wafer.) From these results the 
following point becomes clear. 
5 (1) In the case of adopting the exhaxist system of the present invention, it is 

imderstood that it is possible to obtain a higher etching rate and uniformity than with the 
exhaust system of the related art. 

Also, BPSG is formed on a Si wafer of 200nm in diameter to a thickness of 1 . 
5jjm as the substrate, 0,7|jm of mask material referred to as resist was coated on this 

10 substrate, and after carrying out exposure and developing processing a hole pattern of 
diameter O.iSiiin was formed on the mask material. This substrate was etched under the 
same conditions as the above described experiment, and after etching hole formation 
was observe?d. As a result, the following point becomes clear. 

(2) Reaction by-products clogging up the holes are effectively expelled due 

15 to improved exhaust rate and increased process gas flow amoimt, which makes it 
possible to obtain favourable hole formation. Compared to a taper angle of 86° for an 
exhaxist system of the related art, a taper angle of 89'' and ideal formation are possible 
with the exhaust system of the present invention. Here, taper angle means the angle 
formed by the Si wafer and the side wall of the hole (refer to Fig. 58). 

20 (Embodiment 31) 

This embodiment shows the case where the present invention is applied to a 
magnetron sputtering device. 

The structure of this device is the same a Fig. 54, so a further drawing is omitted. 
Here, a target is the substrate 5404 to be plasma processed mentioned in Fig. 54. A 

25 dipole ring magnet having a plurality of permanent magnets aligned in a ring shape is 
used as magnetic field applying meains, but this is not limiting. Material of the inner 
walls of the container are a material discharges a littie discharge gas (such as moisture) 
as possible, so it is AIN in tiiis case. However, high frequency power applied to tiie 
electrode I was 43.0 MHz, the frequency applied to the electrode n was 13.56 MHz, and 

30 the frequency applied to the auxiliary electrode B was 100 MHz. The high frequencies 
applied to the respective electrodes are not limited to those described above, but the 
frequency applied to the auxiliary electrode B is preferably set high so that the self bias 
potential for electrode B is low and sputtering of the auxiliary electrode B itself can be 
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avoided. 

Only the exhaust system of the above described device was modified and the 
major diflference of the exhaust system of the present invention was evaluated in 
comparison to the exhaust system of the related art (exhaust system in one direction 
5 only, i.e., the method disclosed in Fig. 43(a)). Evaluation was carried out by generating 
plasma using Ar as carrier gas under a pressure of lOmTorr, carrying out sputtering, 
measuring the distribution of cut away amount of the Al target, and comparing the state 
of plasma generated in the vicinity of the target. A single crystalline Si wafer (6 inches) 
was used as the substrate to be subjected to film formation, 
10 The results of this evaluation are shown in Fig. 59. From these results the 

following point becomes clear. 

(1) In this embodiment, by increasing the gas flow amount when the pressure 
inside the container is lOmTorr to 1.5sccm, the in-plane uniformity of the cut away 
amount is improved. This is considered to be due to the fact that a imiform exhaust rate 
1 5 and gas flow are realized in the vicinity of the target. 

Al was used as the target, but the same results were also confirmed with Cu. 
(Embodiment 32) 

This embodiment shows the case where the present invention is applied to a 
plasma oxidation device for oxidizing the surface of a substrate at low temperature in a 
20 plasma device using a radial line slot antenna capable of uniformly supplying gas in a 
large flow amoimt. 

The structure of this device is the same as Fig. 53, and so a further drawing will 
be omitted. 

Description will be given for the case where an Si wafer is used as the substrate 
and a gate oxidation film is formed by direct oxidation of the Si wafer surface using Oj. 
Ar and are used as the source material gas. It is also possible to use Xe instead of Ar 
as a carrier gas. It is also possible to add He etc. to the mixed gas comprising Ar and Oj. 

Fig. 60 is a schematic diagram showing a combination of a cross section of an 
element formed with this embodiment, and a system for measiiring withstand voltage of 
the element. In Fig. 60, the element whose withstand voltage was measured comprises a 
substrate 4001 formed of an n-type Si wafer, a field oxidation film 4002, a gate 
oxidation film 4003, and a gate electrode 4004. Also, reference numeral 4005 is a probe 
used in measurement of flie withstand voltage, reference numeral 4006 is a voltmeter, 
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reference nxmieral4007 is voltage applying means, and reference numeral 4008 is an 
ammeter. 

The formation and withstand voltage measurement of the element shown in Fig. 
60 was carried out through the following sequence of events. After a field oxidation 
5 film 4002 (thickness:800nm) comprising SiOj has been has been formed on the n-type 
Si wafer using a thermal oxidation method [(Hj + Oj) gas, Hj = 11/min, = 11/min, 
temperature of object to be processed = lOOO^'C] part of the field oxidation film 4002 is 
subjected to etching processing and the smface of the n-type Si wafer 4001 is exposed. 

Only the exposed surface of the n-type Si wafer 4001 was subjected to direct 
10 nitridation using the plasma device of the present invention to form the gate oxidation 
film 4003 (sxarface area = 1.0 x lO'^cm^) formed of Si02. The film formation conditions 
at this time were: film formation gas (Ar + O2); gas pressure SOmTorr; partial pressure 
ratio ArrOj = 98%:2%; microwave power 700W; oxidation processing time 20 minutes; 
the substrate was held in an electrically floating state and the temperature of the object 
15 to be processed was 430**C, However, the film formation conditions are not thus limited. 

A gate electrode 4004 (thickness lOOOnm) formed of Al was formed on the field 
oxidation film 4002 and the gate oxidation film 4003 using a vapor deposition method. 

The probe 4005 was brought into contact with the gate electrode 4004, a dx. 
voltage was applied to the object to be processed 40001 formed of the n-type Si wafer, 
20 through the gate electrode 4004, and the potential at which the gate oxidation film 4003 
suffered dielectric breakdown (namely, withstand voltage) was measured using the 
voltmeter 4006. 

Fig. 61 is a graph showing the results of measuring withstand voltage. Fig. 61(a) 
shows the case of a gate insulation film formed by with the device of the present 
invention, while Fig. 61(b) shows the case of a gate insulation film formed by with the 
device of the related art. 

Fig. 62 shows a plan view of a plasma device using a radial line slot antenna 
having the exhaust system of the related art. The only difiFerence firom a device using 
the exhaust system of the present invention is the exhaust system. The exhaust system 
of the present invention has a comparatively wide space provided above the vacuum 
pump, and expulsion in carried out firom a plurality of vacuum pumps arranged spaced 
substantially equal distances apart at the side of the substrate, it is possible to have a gas 
flow uniformly above the substrate in a rotational direction substantially without 
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lowering the gas conductance. Specifically, it becomes possible to cause a large amount 
of gas to flow up to the capacity of the vacuum pump, and it is possible to handle ultra 
high speed processing of a large diameter substrate. Conversely, because the exhaust 
system of the related art uses vacuum pump expulsion in only one direction, the space 
5 above the vacuum pump is narrow and the gas conductance is lowered, it is not possible 
to realize uniform gas flow above the substrate. As a result, it is not possible to make a 
large amount of gas flow and it is impossible to handle high speed processing of a large 
diameter substrate. 

In Fig. 61, the horizontal axis represents withstand voltage and the vertical axis 
10 represents frequency of occurrence of elements that obtained each withstand voltage. 
For example, the bar graph of the horizontal axis lOMV/cm is the frequency , of 
occurrence of elements having a withstand voltage in the range 9.5 - 10.4 MV/cm. The 
number of elements measiared was 30 in each of Fig. 61(a) and 61(b). From Fig. 61 the 
following point becomes clear. 

15 Elements formed usiug the device provided with the exhaust system of the 

related art have a wide distribution of withstand voltage (namely bad film quality 
uniformity), and an average withstand voltage of 10.3 MV/cm [Fig. 61(b)]. 

Elements formed using the device of the present invention have a narrow 
distribution of withstand voltage (namely good film quality uniformity), and a high 

20 average withstand voltage of 11.5 MV/cm can be obtained, which means that the film 
quality of a gate oxidation film is improved [Fig. 61(a)]. 

Fig. 63 is a graph showing distribution of fikn thickness of the inner surface of 
wafer surface of the Si oxidation film. The horizontal axis represents distance from the 
center of the wafer and the horizontal axis represents fihn thickness of the direct 

25 oxidation fihn., The film thickness of the direct oxidation films formed with the device 
provided with the exhaust system of the related art has low uniformity. On the contrary, 
the film thickness of direct oxidation films formed with the device of the present 
invention are almost constant at the wafer surface, and uniformity is high. Accordingly, 
since it is possible to form oxidation films having high uniformity and high withstand 

30 voltage it was confirmed that it was possible to stably manufacture elements having 
excellent withstand voltage. 

In this embodiment, the device of the present invention has been applied to a 
plasma oxidation device for oxidizing a Si surface of a substrate at low temperature, but 
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it is not limited to a Si surface and it was confinned that it was also possible to obtain 
oxidation films having high uniformity with metallic surfaces. 
(Embodiment 33) 

This embodiment shows the case where the present invention is applied to a 
5 plasma nitriding device for nitriding the sxirface of a substrate at low temperature in a 
plasma device using a radial line slot antenna capable of uniformly supplying gas in a 
large flow amount 

The structure of this device, as well as the plasma device using a radial line slot 
antenna provided with the exhaust system of the related art, are the same as embodiment 
10 3, and so will be omitted- 

Similarly to embodiment 3, a Si wafer is used at the substrate, and description 
will given for the case where the surface of the Si wafer is subjected to direct nitridation 
using Nj, and a gate nitridation film is formed. 

Fig. 64 is a schematic drawing showing a combination of a cross section of an 
15 element formed in the present embodiment and a system for measuring dielectric 
breakdown injection charge amount for the element. In Fig. 64, the element that has had 
dielectric breakdown injection charge amoimt measured comprises an object to be 
treated 5001 made of an n type Si wafer, a field oxidation film 5002, a gate nitride film 
5003 and a gate electrode 5004. Also, reference numeral 5005 is a probe used in 
20 measurement of dielectric breakdown injection charge amount, reference numeral 5006 
is a voltmeter, reference numeral 5007 is a constant current soxirce and reference 
numeral 508 is an ammeter. Element formation and dielectric breakdown injection 
charge amount measurements shown in Fig. 64 were carried out using the following 
procedvire. 

25 After a field oxidation film 5002 (thickness: 5 OOnm) formed of SiOj has been 

formed on the n type Si wafer 5001 using a thermo oxidation method [(H2 + O2 gas), 
H2=ll/min, 02=ll/niiii, temperature of object to be treated^lOOO^'C], part of the field 
oxidation film 5002 was subject to etching processing and the surface of the n type Si 
wafer was exposed. 

30 Only the exposed surface of the field oxidation film 5002 was direct nitrided 

using the plasma device of the present invention, and the gate nitride film 5003 (surface 
area 1.0 x lO'^cm^, thickness 5.6nm) formed of Si304 was formed. The film forming 
conditions at this time were film forming gas (Ar + Nj), gas pressure 30mTorr, partial 
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pressure ratio Ar/Nj = 99.7% - 90%/0.3% - 10%, microwave power 700 W, nitriding 
processing time 20 min, the object to be treated was held in an electrically floating state, 
and the temperature of the object to be treated was 430°C. However, the film formation 
conditions are not thus limited. 
5 A gate electrode 5004 of Al (thickness lOOOnm) was formed on the field 

oxidation film 5002 and the gate nitride film 5003 by a vapor deposition method. 

The probe 5005 was brought into contact with the gate electrode 5004, a 
constant current was applied to the object to be treated 5001 formed of the n type Si 
wafer via the gate electrode 5004 using the constant current source 5007 so the electron 
10 density became lOOmA/cm^ and time taken for the gate nitride film 5003 to sxrBFer 
dielectric breakdown was measured. The electron density value multiplied by this time 
is the dielectric breakdown injection charge amount. 

Fig. 65 is a graph showing the results of measuring the dielectric breakdown 
injection charge amount. 
15 hi Fig. 65, the horizontal axis represents injection charge amoimt, and the 

vertical axis represents the frequency of occurrence of elements obtaining each injection 
charge amoxmt. The number of elements measured was 20 in each of the related art 
method and the present invention. From Fig. 65 the following point becomes clear. 

hi the elements manufactured using the device of the related art, distribution of 
20 injection charge amount was wide (namely film quality was bad), and average charge 
injection amount was 59.3C/cm^. 

In the elements manufactured using the device of the present invention, the 
distribution of injection charge amount was narrow (namely film quality was good) and 
it was possible to obtain a high average load injection amount of 572C/cm^, so it will be 
25 imderstood that film quaUty of the gate oxidation film was improved. 

Fig. 67 is a graph showing results of measuring the barrier function of the direct 
oxidation film. Si wafers that have been subjected to direct oxidation using a device 
provided with the exhaust system of the related art and a device provided vnth the 
exhaust system of the present invention were bleached for five hours in a 100% O2 
30 atmosphere at 600°C, and then measured using an X-ray photoelectron spectroscope. In 
Fig. 67, the horizontal axis represents the time for which the Si wafer subjected to direct 
oxidation was bleached in the O2 atmosphere, and the vertical axis represents the peak 
surface area of SiOj that has been chemically shifted by oxidation of the surface. From 
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the drawing, the following point becomes clear. 

With the surface of the Si wafer subjected to direct oxidation using the device of 
the related art, the peak surface area increases with time, and it is oxidized in the Oj 
atmosphere with passage of time. From this it will be understood the direct oxidation 
5 j&Im formed using the device of the related art has a low barrier function against 
oxygen. 

With the surface of the Si wafer subjected to direct oxidation using the device of 
the present invention, there is no increase in peak surface area with time, and it is not 
oxidized in the O2 atmosphere with passage of time. From this it will be understood the 

10 direct oxidation film formed using the device of the present invention has a high barrier 
function against oxygen. 

Fig. 68 shows the relationship between amoimt of oxygen and carbon included 
within the direct oxidation film formed firom the film formation atmosphere, and total 
flow amount of process gas. From the drawing the following point becomes clear. 

15 As the total flow amount of process gas increases, the amount of oxygen and 

carbon included within the formed direct oxidation film decreases, and it becomes 
possible to fomi a direct oxidation film having low oxygen and carbon contamination. 
This means that the device of the present invention enables film formation while there is 
a large flow amount of gas, and so is suitable for the formation of direct oxidation films 

20 having low oxygen and carbon contamination. 

Accordingly, by carrying out direct oxidation using the plasma processing 
device of the present invention, it is possible to suppress the concentration of impurities 
within a film, and to form an oxidation film having high film quality uniformity and 
high injection load amount, with uniform distribution of fihn thickness, and a high 

25 barrier properties, and so it was confirmed that it was possible to stably manufacture 
elements having excellent characteristics. 

Also, in this embodiment, the device of the present invention has been appUed to 
a plasma oxidation device for oxidizing the Si siarface of a substrate at low temperature, 
but it is not limited to an Si surface and it was confirmed that it was possible to obtain 

30 metallic oxidation films with high imiformity if applied to oxidation of a metallic 
surface such as Ta, W, Al, Ti, etc. 
(Embodiment 38) 

This embodiment shows a case where the device of the present invention is 
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applied to a plasma CVD device for forming a diamond film on a substrate, in a plasma 
device using a radial line slot antenna capable of uniformly supplying a large gas flow 
amount. 

The structure of this device is the same as that of embodiment 3, and so will be 
5 omitted. 

A diamond thin film has excellent mechanical, electrical thermochemical and 
optical characteristics, and is mostly noted for the fact that its semiconductor 
characteristics can be controlled by adding appropriate impurities. 

In this embodiment, the case will be described where a thin diamond film is 
10 formed for the intention of application to a mask, for use in X-ray lithography 
anticipated as the next generation manufacturing technology for ULSI silicon. 

Fig. 69 shows a structural example of a mask for use with an X-ray 
diffractometer. A circuit pattern for transcribing is formed in an absorber of a central 
square section of the drawing. A parallel beam X-ray is incident fi"om a substrate side, 
1 5 and X rays pass through a part of the central square section where there is no absorber 
and are projected onto to a Si wafer to be subject to pattern formation, not shown in the 
drawings, located on the absorber side. The diamond thin film utilized as a support layer 
for the absorber must be tran^arent, have a smooth surface and have uniform 
characteristics at the inner surface. 
20 In this embodiment, formation of a diamond thin film on a Si wafer has been 

illustrated. In the following, the method will be described. 

An Si substrate from which surface contaminants (particles, organic matter, 
metal) and a natural oxidation film have been removed is introduced into a chamber. 
After loading, the diamond thin film is formed to a thickness of 1 - 2 ^xm using the 
aforementioned device. First of all, the surface of the Si substrate is subjected to 
carbonization processing in an Ar/H2/Cll^ or Ar/Hj/COj atmosphere, and then the Si 
substrate is negatively biased and a diamond crystal kernel is generated on the Si 
substrate. After this processing, a diamond thin film is formed to a thickness of 1 - 2|im 
in a Ar/H2/CH4/02 or Ar/Hj/COj/Oj atmosphere. It is possible to replace Ar with Xe. 
The chamber pressure at the time of processing is 3 - 500 mTorr, process gas flow 
amount can be made up to 3SLM, and the Si wafer is temperature controlled to 300 - 
700 °C. ^th the device of the present invention, it is possible to generate high density 
and uniform plasma over a large surface area, and by providing a shower plate the 
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supply of source material gas is made imiform and it is possible to uniformly form a 
film on a large diameter substrate. Also, by narrowing the processing space and 
uniformly and rapidly expelling a large flow amount of process gas it is possible to 
rapidly remove reaction by-products, which means that reaction by-products such as 
5 non diamond components that have been xmiformly etched by atomic hydrogen are 
rapidly expelled and a high qiiality diamond film can be generated. 

Results of evaluating the diamond thin film formed to a thickness of l^an in the 
Si wafer are shown in Table 2, 

10 Table 2. Results of Diamond Film Evaluation 



film thickness, inside 4 inch wafer (total 
ellipsometric film thickness) 


2.00 ±0.01 |jm 


Surface roughness 


5nm 


permeability (measurement after removal 
of Si substrate) 


90% at 633nm 



Permeability was measured after the central section of the rear surface (the 
opposite side to the surface on which the thin film was formed) of the Si wafer was 
removed to expose the diamond thin film. The measurement system is shown in Fig. 70. 



Fig. 71 shows variation of surface roughness and permeability when the total 

1 5 flow amount of process gas was changed. In the related art, machine polishing was 
carried out after film formation. By using the plasma device of the present invention, 
reaction by-products such as non diamond components that have been uniformly etched 
by atomic hydrogen are rapidly expelled and a high quality diamond film can be 

generated^^ : — — ] 

20 (Embodiment 39) 

This embodiment shows a case where the present invention is applied to a 
magnetron sputtering device. 

A structural drawing of this embodiment is the same as that for embodiment 3 1 
and so will be omitted. As described in embodiment 5, amorphous Ta4B can be applied 

25 as a absorber material of a mask for X-ray lithography. As described in embodiment 5, 
after a flat thin diamond film has been formed, a film of Ta4B is continuously formed 
using a cluster tool, without coming into contact with the atmosphere in a clean room at 
aU. 

A characteristic of the cluster tool is that by coimecting between each process 
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chamber using an Ar or N2 tunnel, thin fUm formation can be carried out continuously 
under an extremely pure atmosphere without exposing the semiconductor, metal, or 
insulator on the wafer to the atmosphere at all. Also, each process chamber achieves an 
ultra high vacuum state of the ultimate vacuum of lO'^^Torr, but at the time of conveying 
5 the wafer, a number of mTorr to several tens of Torr is maintained using very pure Ar or 
Nj, and contamination of the wafer surface by organic matter or moisture etc. is 
prevented. Further, conveyance between each cluster is carried out using a port 
encapsulated with N2 or dry air, and wafer cleansing and lithographic processing is also 
carried out in an Nj or dry air atmosphere, so that it is possible to carry out processing 

1 0 that completely excludes all sorts of impurity elements from the atmosphere. 

In this embodiment, formation of an amorphous 7348 film on the Si wafer and 
on the diamond thin film on the Si wafer is carried out. The method of carrying out this 
film formation will be described below. 

Ta4B is formed to a thickness of 0.5 - Ifjm either by film formation on a Si 

15 wafer from which surface contaminants (particles, organic matter, metal) have been 
removed, or by continuous formation of a diamond film. The structure of this 
embodiment is the same as Fig. 44 and will be omitted. 

A compound of titanium and boron having a ratio of number of atoms of 4:1 is 
used as the sputtering target. Sputtering is carried out in an Ar or Xe atmosphere. The 

20 chamber pressure at this time is 3 — 500mTorr. A process gas flow amoimt up to 
3SLM is possible. 

The results of evaluating the Ta4B film formed on the Si wafer and on the 2jLim 
diamond thin film on the Si wafer to a thickness of Ipm are shown in Table 3. From 
these results the following becomes clear. 
25 (1) Using the plasma device of the present invention, film formation with high 
in-plane uniformity can also be obtained for a large diameter substrate. 
Table 3 Evaluation results for amorphous Ta4B • 





On Si substrate 


On diamond thin film 


Film thickness, inside 4 inch 
substrate (Total stepped film 
thickness 


000ijm±0.008iim 


000^m±0.021tim 


Surface roughness (atomic 
force microscope) 


Inm 


6nm 
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(Embodiment 40) 

This embodiment shows a case where the present device is applied to a plasma 
CVD device for forming a polycrystalline silicon thin film on the substrate in a plasma 
device using a radial line slot anteima capable of tmiformly supplying a large flow 
5 amount of gas. 

The structure of this device is the same as embodiment 3, and will be omitted. 
Description will be given for the case where a thin film is formed on a glass 
substrate. The foxmdation substrate is not limited to a glass substrate and the material 
can also be amorphous such as SiN,,, or SiOj. As uses for the polycrystalline silicon thin 
10 film, it is possible to utilize it as an active layer of a transistor, or a gate electrode etc. 
SiH4, Xe was used as the source material gas, but is not limited to this combination. It is 
also possible to replace SiH4 with Si2H4, and to replace Xe with Ar or H2 etc. 

Evaluation was carried out with the gas flow amount ratio for Xe and SiH4 set to 

100:1. 

15 Microwave power was 1600W, and total gas flow amoimt of the gas introduced 

into the process chamber was changed firom SOOsccm to SOOOsccm. The polycrystalline 
silicon was formed on a 300mm glass substrate, and the surface plasma, imiformity and 
polycrystalline silicon crystallite size were measured. The substrate temperature was set 
to 300°C. This is just one example of the processing conditions for illustrating the 

20 effects of the present invention, but these conditions are not limiting. 

Fig. 72 shows the dependency of surface roughness of the film formed 
polycrystalline silicon thin film on total gas flow amount. Measurement was carried out 
using an atomic force microscope (AFM). It can be seen that if the total gas flow 
amoimt is increased, surface roughness is lowered. 

25 Fig. 73 shows the dependency of in-plane uniformity on the glass substrate of 

the film formed polycrystalline silicon thin film on total gas flow amount. It will be 
imderstood that the in-plane uniformity is also improved as total gas flow is increased. 

Fig. 74 shows the dependency of crystallite size of the film formed 
polycrystalline silicon film on total gas flow amount The crystallite size was calculated 

30 based on the scheller method using a Si peak width at half height obtained by an X-ray 
thin film method. It will be understood that crystallite size increases accompanying 
increase in total gas flow amount. 

Fig. 75 shows dependency of in-fihn hydrogen amoimt of the film formed 
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polycrystalline silicon thin film on total gas flow amoxmt. Measurement of the in-film 
hydrogen amount was carried out using FT - IR, and is represented by relative values. It 
will be understood that accompanying increase in total gas flow amount removal of 
reaction by-products was promoted and in-film hydrogen amount was decreased 
5 Fig. 76 shows the dependency of specific resistance of a film on total gas flow 

amount, in the case of P dopant with PH3 added to a process gas of Xe and SiH4. 
Evaluation was carried out with the flow amount ratio of Xe:SiH4:PH3 fixed to 
100,000:1000:1, but it is not limited to these values. It will be understood that 
accompanying increase in total gas flow amount the specific resistance of the film 

10 becomes smaller, and the activation rate of the dopant is increased. The above effects 
were also conformed in the case of dopant using addition of hydrides such as ASH3 and 
BjHe instead of PH3. 

As has been described above, using the present invention, by being able to 
imiformly expel a large flow amount, removal of reaction by-products is promoted and 

15 in-plane uniformity is improved, sxirface roughness is reduced, and it is possible to form 
a high quality polycrystalline silicon thin film having large crystallite size. 
(Embodiment 41) 

This embodiment shows a case where the present device is applied to a plasma 
CVD device for forming a Si3N4 thin fihn on the substrate in a plasma device using a 
20 radial line slot antenna capable of xmiformly supplying a large flow amount of gas. 

The structure of this device is the same as embodiment 32, and will be omitted. 
The Si3N4 film can be used as a gate insulation film for a TFT etc, a LOCOS 
mask or as a passivation film, or the like. SiH4, Xe and N2 are xised as the source 
material gas, but this combination is not limiting. It is possible to replace Si2H4 with 
25 SiHg, to replace Xe with Ar and to replace with NH3. The ratio of SiH4:Xe:N2 is set 
to 1:100:5. Microwave power was 1600W, while pressure inside the process chamber 
was 300mTorr, a total gas flow amount was changed fi-om SOOsccn to 3000sccm. A SiN,, 
thin film was formed on a 300mm glass substrate, and the imiformity and withstand 
voltage of the film were measured. Substrate temperature was set to 300^0. 
30 This is just one example of the processing conditions for illustrating the elBfects 

of the present invention, but these conditions are not limiting. 

Fig. 77 shows the dependency of in-plane uniformity on the glass substrate of 
the film formed Si3N4 thin film on total gas flow amount. It will be understood that 
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accompanying increase in total gas flow amoiint, the in-plane uniformity is also 
improved. 

Fig. 78 shows dependence of withstand voltage of the film formed Si3N4 film on 
the total gas flow amoimt. Withstand voltage was measured by making a dedicated TEG, 
5 It will be imderstood that withstand voltage increases accompanying increase in total 
gas flow amount. 

Fig. 79 shows dependence of atomic level compositional ratio of Si to N in the 
film formed Si3N4 film on the total gas flow amount Measurement was carried out 
using X-ray photoelectron spectroscopy. It will be understood that accompanying 
10 increase in total gas flow amoimt, removal of reaction by-products was promoted and 
the atomic level composition of the Si3N4 approached an ideal compositional ratio for Si 
and N of 3:4. 

As has been described above, using the present invention, by being able to 
uniformly expel a large flow amount, removal of reaction by-products is promoted and 
15 in-plane imiformity is improved, and it is possible to form a high quality SiN^ thin film 
having high withstand voltage. 

(Embodiment 42) 

This embodiment shows a case where the present device is applied to a plasma 
CVD device for forming a dielectric thin film having low fluorocarbon type gas on the 
20 substrate in a plasma device using a radial line slot antenna capable of imiformly 
supplying a large flow amount of gas. 

The structure of this device is the same as embodiment 32, and will be omitted. 

Description will be given for the case where a dielectric thin film having low 
fluorocarbon type gas is formed as an interlayer insulation film between wiring layer of 
25 a semiconductor element. 

A wafer on which first layer AlCu wiring is to be pattemed is introduced into a 
cluster tool. In this process, all processing up to formation of a second layer AlCu fihn 
is carried out by a cluster tooL This cluster tool is the same as embodiment 6 and will be 
omitted. 

30 After loading, surface processing of the first layer wiring surface is carried out 

using a mixed gas of Ne/F2. Ne/F2 is introduced into this microwave device, plasma is 
generated inside the chamber, the wafer surface is bleached with plasma for about 5 
miautes and fluoriding processing is carried out. A dielectric thin film having low 
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fluorocarbon type gas is then formed on the wafer in the same chamber without a break 
in the processing. C4F8, Hj, and Ar were used as the source material gas, but this 
combination is not limiting. It is possible to replace C4Fg with CF4, to replace Hj with O2, 
and to replace Xe with Ar. The gas flow amount ration for C4F8, Hj, and Ar was set to 
5 1 : 1 :5. The microwave power was set to 1600W, the pressure inside the process chamber 
was set to 10 - 200mTorr, and the total gas flow amount was changed firom SOOsccm to 
3000sccm. Film fonnation was carried out on the wafer and the deposition rate and 
imifonnity (of the deposition rate) were measured. The wafer temperature was 
controlled to 250 degrees. 
10 It goes without saying that the film fonnation conditions are not limited to those 

described above. 

Fig. 80 shows the dependency of the deposition rate of the fihn formed 
fluorocarbon film on total gas flow amount It will be understood that if the total gas 
flow amoimt is caused to increase, the removal of reaction by-products is promoted, and 
1 5 deposition rate is increased, reaching 800nm/min or more. 

Also, Fig. 81 shows the dependency of in-plane uniformity of the deposition rate 
on the total gas flow rate. It will be understood that by sufficiently increasing the 
process gas flow amount improvement can be seen in the wafer in-plane imifonnity. 

As has been described above, by xising the plasma device of the present 
20 invention, high speed and uniform film formation is possible on a large surface area. 
Also, if film formation for two wiring layers is carried continuously in the cluster tool 
without a break in the process, it is possible to manufacture a semiconductor having 
multiple layer wiring. 
(Embodiment 43) 

25 This embodiment shows a case where the present device is applied to a plasma 

CVD device, for forming a BST thin film [(Ba, Sr) TiO^ thin fihn] on the substrate in a 
plasma device using a radial line slot antenna capable of uniformly supplying a large 
flow amount of gas. 

The structure of this device is the same as embodiment 32, and will be omitted. 
30 This process uses a BST film as an insulating film of a capacitor within a semiconductor 
element, and within processes firom formation of a lower electrode of the capacitor up to 
formation of an upper electrode, it carries out all processes except for lithography 
processing and wafer cleansing process inside a cluster tool. The features of this cluster 
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tool are the same as embodiment 6 and will be omitted. First of all, the substrate is 
loaded into the cluster tool and a poly-Si lower electrode is formed. An Ru/RuO^ film is 
also formed. A BST film is formed without a break in the process. 

In this example, Ba(DPM)2, Sr(DPM)2, Ti(l-OC^Uy\ O2 and Ar are used as the 
5 source material gas^ but this combination is not limiting and it possible to replace Ar 
with Xe. Process gas comprising Ba(DPM)2, Sr(DPM)2, Ti(l-OC^Ilj)^ is introduced into 
the device from the gas inlet with Ar as a carrier gas. Also, Ar and O2 are introduced 
into the process chamber at a ratio of 1:2, as additional gas. Microwave power was set 
to 1600W and pressure inside the process chamber was set to 10 - 200mTorr, and 

10 additional gas flow amount was changed from SOOsccm to SOOOsccm. At this time, only 
the flow amount of the additional gas was caused to change, and processing was carried 
out without changing the supply condition for the Ba(DPM)2, Sr(DPM)2, Ti(I-OC3H7)4. 
Film formation was carried out on a 300mm wafer, and deposition rate and uniformity 
of the deposition rate were measured. It goes without saying that the film formation 

15 conditions are not limited to these described above. 

Fig. 82 shows the dependency of deposition rate of the BST film on additional 
gas flow amoimt. If additional gas flow is increased there is a tendency for the 
deposition rate to decrease. Also, Fig. 83 shows the dependency of in-plane imiformity 
of the deposition rate on the additional gas flow rate. It will be understood that by 

20 sufficienfly increasing the process gas flow amount improvement can be seen in the 
wafer in-plane imiformity, and in-plane uniformity of less than ±2% is achieved with a 

300mm substrate. 

As has been described above, by using the plasma device of the present 
invention formation of a xmiform and high quality film is possible on a large surface 

25 area. Also, if film formation of TiN as an upper electrode is carried out after BST film 
formation, it is possible to manufacture a capacitor for use in semiconductor element. 

In this embodiment, poly-Si, TiN and Ru/RuO^ have respectively been used as 
lower and upper electrodes of a capacitor and a stacked electrode, but it goes without 
30 saying that the present invention can also be appUed in the case where Pt, Ta, W, Mo, 
Rh, In, InO^, TiSixetc. are used. In this embodiment, a BST film has been xised as a 
capacitor insulation film, but it goes without saying that the same effects as hi this 
embodiment are also obtained in the case where PZT or SrTiOs etc. are used. 
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(Embodiment 44) 

Fig. 84 is a cross section of a device manufactured using the present invention. 
All the following processes, except for wafer cleansing and lithography 
processes were carried out using a cluster tool. 
5 Part of the cluster tool is shown in Fig. 85. The characteristic of this cluster tool 

is that by connecting between each process chamber using an Ar or N2 tuimel, thin film 
formation can be carried out continuously under an extremely pure atmosphere without 
exposing the semiconductor, metal, or insulator on the substrate to the atmosphere at all. 
Also, each process chamber achieves an ultra high vacxmm state of the ultimate vacuum 

10 of 1 0"'*^orr, but at the time of conveying the wafer, a number of mTorr to several tens of 
Torr is maintained using very pure Ar or Nj and contamination of the wafer surface by 
organic matter or moisture etc. is prevented. Further, conveyance between each cluster 
is carried out using a port sealed encapsulated with or dry air, and wafer cleansing 
and lithographic processing is also carried out in an Nj or dry air atmosphere, and it is 

15 possible to carry out processing that completely excludes all sorts of impurity elements 
from the atmosphere. 

An SOI wafer from which an oxidation film in the vicinity of the surface has 
been removed is loaded into the cluster tool 6101. After loading, a Ta thin fihn is 
formed to a thickness of 1 — 50nm with a plasma processing device using a uniform 

20 horizontal magnetic field of the present invention shown in Fig, 54. At this time, by 
controlling a high frequency applied to the entire surface of the wafer, ion irradiation 
energy is controlled and it is possible to obtain Ta of desirable film quality. Next, the 
wafer was introduced into the plasma processing device using the radial line slot 
antenna of the present invention shown in Fig. 53, plasma oxidation was carried out in a 

25 Ar/He/02, Xe/02 or Xe/He/02 atmosphere, only the Ta film formed in the previous 
process was oxidized and a tantalum oxide thin film 6001 was obtained. The pressure at 
the time of plasma oxidation was 3 - 500 mTorr and the wafer was temperature 
controlled to 300 - 500°C. A Ta thin film 6002 constituting a gate electrode was also 
formed to a thickness of 0-1 - 2pm with the plasma processing device using the uniform 

30 horizontal magnetic field of the present invention shown in Fig. 54. Consecutively, a 
CVD NSG film was formed to a thickness of 1 - 50 nm using the plasma processing 
device using the radial line slot antenna of the present invention shown in Fig. 53. With 
this cap processing, it is possible to selectively form tantalimi oxide only on the gate 
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side surface, and it is easy to carry out etching processing at the time of forming contact 
holes on the gate electrode with a high selectivity. 

Next, using the plasma processing device using the uniform horizontal magnetic 
field of the present invention shown in Fig. 44, gate etching is carried out The process 
5 for forming the barrier metal in this step is shown in detail in Fig. 85. By using this 
device, in-plane uniformity is high even for a large diameter substrate, and fine 
processing is possible. High purity ion injection is carried out ia a self aligned manner, 
and after activation annealing for 450- 550®C a source drain region 6003 was formed (a). 
Oxidation was carried out similarly to previously, as side wall 6004 processing, using 

10 the plasma processing device using the radial line slot anterma of the present invention 
shown in Fig. 53 (b). 

After Si02 of the Si surface has been removed by wet etching, a Ta film is 
formed to 2 .- lOOnm (c). Ta and S/D section Si of the surface are made amorphous and 
mixed by I/I, and after that tantalum silicide 6006 is formed by annealtog (d). After that, 

15 patterning is performed (e) and after Ta has been etched using the plasma processing 
device using the uniform horizontal magnetic field of the present invention shown in 
Fig. 44 (f), a cap Si02 is removed by wet etching (g). After that, barrier metal formation 
6006 is carried out (h). Next, the wafer was introduced into the plasma processing 
device using the radial Line slot antenna of the present invention shown in Fig. 53, and 

20 plasma nitridation was carried out in an N2, A1/N2, or Xe/Nj atmosphere. Fikn thickness 
was 10 - 500tun. The pressure at the time of plasma oxidation was 3 - 500 mTorr and 

the wafer was temperature controlled to 300 - 550°C. 

Also, a CVD NSG film 6007 is formed using the plasma processing device 
using the radial line slot antemia of the present invention shown in Fig. 53, flattened by 

25 CMP, and contact etching is carried out using the plasma processing device using the 
uniform horizontal magnetic field of the present invention shown in Fig. 44. 

Capacitor formation is carried out by oxidizing a surface layer to 5 - 500nm 
after film formation of the lower Ta electrode 6008 to a thickness of 0.1 - 2nm, forming 
tantalum oxide 6009, and fihn forming the upper Ta electrode 6010 to 0,1 - 2jLun. These 

30 processes are also carried out with the plasma processing device using the radial slot 
line anterma and the plasma processing device using the uniform horizontal magnetic 
field of the present invention. 

After formation of these elements, formation of Cu wiring 6011 is carried out 
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and the device is completed. In the case where Ta nitride is used as barrier metal 
between the wiring, a process for forming barrier metal on the gate electrode is applied 
accordingly. 

A tantalum oxide gate insulation FET or tantalum oxide capacitor formed in this 
5 way was electrically evaluated. 

Fig. 86 shows distribution of a subthreshold coeflBcient of a tantalum oxide gate 
insulation MOSFET. A device having only the gate insulation film formation using the 
plasma device of the related art has a largely distributed subthreshold coeflBcient, but in 
the present invention high uniformity is realized. 
10 The initial failure rate of MOSFETs in the case of carrying out a process of 

forming titaniimi nitride formation, as barrier metal, using the plasma device of the 
present invention, and the initial failure rate of examples that used the present invention, 
as well as samples after carrying out heating tests for 24 hoxirs at 700°C in the 
atmosphere, are shown in Fig 87. With the technique of the related art, initial failxire rate 
15 at the wafer edge is low, but Cu used as wiring material in this case diffuses into 
imperfect tantalum nitride. In the present invention, the entire surface of the wafer 
exhibits a low failure rate. 

Fig. 88 shows in-plane xmiformity of the capacitance of a tantalum oxide 
capacitor. In the related art, there is a tendency for film thickness to increase in the 
20 radial direction, but with the present invention it is possible to obtain a uniform 
capacitance over the entire surface. 

In this embodiment, an SOI wafer is used as the starting wafer, but it goes 
without saying that it is also possible to obtain the same results in this embodiment if a 
Si wafer. Si epitaxial wafer, metal substrate SOI wafer, GaAs wafer or diamond wafer, 
25 or a substrate having a thin film of Si, epitaxial Si, GaAs or diamond formed on the 
surface of quartz, glass, ceramics or plastic etc. are used. 

Ta is used as a MOSFET gate electrode in this embodunent, but it goes without 
saying that the same effects can be obtained if n* polysilicon or p* polysilicon is used. In 
this embodiment a mixed gas of a carrier gas of Ar, Xe, He, etc. and Oj is used as 
30 oxidation process gas, but it goes without saying that the same effects can be obtained 
with this embodiment if a mixed gas of another carrier gas and an oxide (for example 
H2O, NO^ etc.) is used as the mixed gas. 

In this embodiinent, a mixed gas of a carrier gas of Ar, Xe, etc. and is used as 
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the nitridation process gas, but it goes without saying that the same effects can be 
obtained with this embodiment if a mixed gas of another carrier gas and a nitride(for 
example NH3 etc.) is used as the mixed gas. 

Ta is used in this embodiment in the upper and lower electrodes, but it goes 
5 without saying that the same effects can be obtained with this embodiment if Pt, Ru, Ti, 
W, Mo, RuO^, TiN^ WN^, TaSySfy, TiSiJ^y, Wsi^y etc., or a stacked electrode 
comprising these materials is used. 

In this embodiment only tantalum oxide has been dealt with as a MOSFET gate 
insulation film and capacitor insulation film, but it goes without saying that the same 
10 effects can be obtained with this embodiment if a stacked insulation film of tantalum 
oxide and SiOj or Si3N4, BST and PZT is used. 

SiOj is used in this embodiment as a cap material for MOSFET gate processiag, 
but it goes without saying that the same effects can be obtained with this embodiment if 
a material such as Si, or Si3N4 is used. 
15 In this embodiment Ta oxidation is carried out as a MOSFET gate side wall 

process, but it goes without saying that the same effects can be obtained with this 
embodiment if a sidewaU is formed by using this process as a re-oxidation process and 
usiQg a new NSG etc. 

In this embodiment formation of TaN,,, being barrier metal, is carried out using 
20 Ta, but it goes without saying that the same effects can be obtained as in this 
embodiment if TaSi^Ny is formed using TaSi,,. 

TaNj, is used in this embodiment as a barrier metal but it goes without saying that 
the same effects can be obtained with this embodiment if a material such as TiN^ WN, 
TaSI^Ny, TiSiJ^y or WsiJSfy is used. 
25 In this embodiment, a mixed logic type device has been manufactured, but it 

goes without saying that the same effects can be obtained with this embodiment if a 
logic LSI or DRAM etc. are used independently of each other. 
(Embodiment 45) 

Fig. 89 shows the expel characteristics of a turbo molecular pump expulsion 
30 characteristics of pimaps respectively having exhaust rates of 220, 540 and 1800 1/sec at 
a low pressure region, and expel characteristics in the case of expel with four pumps 
having an exhaust rate of 220 1/sec are shown. When the exhaust rate is not fixed by 
pressure, pimip inlet pressure and expel gas flow amount are proportional. From the 
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drawing it will be understood that in a high pressure region exhaust rate is decreased 
accompanying increased pressure. It will also be understood that compared to a pump 
having a small exhaust rate, a pump having a large exhaust rate has a further decrease in 
exhaust rate from a low pressure region. In a pump having a small exhaust rate of 220 
5 1/sec, substantially no decrease in exhaust rate was observed at a low pressure region of 
20 - SOmTorr for carrying out etching processing. That is, a plurality of small diameter 
pumps having small exhaust rate are advantageous in that they can cause a larger flow 
amount of gas at a low pressure region for carrying out normal semiconductor 
processing than a single large diameter pump having a high exhaust rate. 

10 (Embodiment 46) 

Fig. 90 - Fig. 92 are plan views showing examples of the plasma device of the 
present invention used as cluster tools for carrying out continuous processii^ by 
conveying between vacuums. 

Fig. 90 is a case where rectangular process chambers and a rectangular wafer 

15 conveyance chamber are joined together. Reference numeral 9001 is a wafer take in 
chamber, reference numeral 9002 is a wafer take out chamber, reference numeral 9003 
is a process chamber 1, reference numeral 9004 is a process chamber 2, reference 
numeral 9005 is a wafer conveyance chamber, and reference numeral 9006 is a gate 
valve. The process chambers 1 and 2 are any of the chambers disclosed in Fig. 44, or 

20 Fig. 48 - Fig 54. For example, process chamber 1 is an etching chamber and process 
chamber 2 is a resist ashing chamber. One or a plurality of wafer conveyance ports are 
provided inside the wafer conveyance chamber 9005, and wafer delivery is carried out 
for the process chamber and the wafer take in/take out chambers. 

In the example of Fig. 90, miniature process chambers are efficiently arranged, 

25 and the area that the cluster tool occupies in the clean room is extremely small. It is 
possible to make the footprint of a cluster tool for a wafer having a diameter of 300mm 
even smaUer than the smallest footprint of a cluster tool for a wafer of 300mm in the 
related art. With the structure of fig. 90, the footprint of a cluster tool for a 300mm 
diameter wafer is 3.64mm^ which is about 0.9 times the footprint of the smallest cluster 

30 tool for a 200mm diameter wafer in the related art. The number of chambers coraiected 
to the conveyance chamber is not limited to six. 

Fig. 91 is for a case where rectangular process chambers and a hexagonal wafer 
conveyance chamber are joined together. Reference numeral 9101 is a wafer take in 
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chamber, reference nxnneral 9102 is a wafer take-out chamber, reference numeral 9103 
is process chamber 1, reference numeral 9104 is process chamber 2, and reference 
numeral 9105 is a wafer conveyance chamber. The process chambers 1 and 2 are any of 
the process chambers disclosed in Fig. 44 or Fig. 46 - Fig. 54. For example, process 
5 chamber 1 is an etching chamber and process chamber 2 is a resist ashing chamber. 

Since it is permissible to only locate a single wafer conveyance port inside the 
wafer conveyance chamber, the cost is reduced compared to the case in Fig. 90. On the 
other hand, the footprint of the device becomes slightly larger than the case in Fig. 90. 
^th the stmcture of Fig. 91, the footprint of a clxister tool for a 300mm diameter wafer 

10 becomes 4.34mm^. This is about the same as the footprint of the smallest cluster tool for 
a 200mm diameter wafer in the related art. The wafer conveyance chamber is not 
limited in shape to a hexagon, and the number of chambers connected to the wafer 
conveyance chamber is not limited to six. 

Fig. 92 is for a case where triangular process chambers and a hexagonal wafer 

15 conveyance chamber are joined together. Reference numeral 9201 is a wafer take in 
chamber, reference numeral 9202 is a wafer take-out chamber, reference numeral 9203 
is process chamber 1, reference numeral 9204 is process chamber 2, and reference 
numeral 9205 is a wafer conveyance chamber. The process chambers 1 and 2 are any of 
the process chambers disclosed in Fig. 44 or Fig. 48 - Fig. 54. For example, process 

20 chamber 1 is an etching chamber and process chamber 2 is a resist ashing chamber. 

Since the number of vacuum pumps is low, the cost is reduced compared to the 
cases of Fi g . 90 and Fig. 91, and it is possible to widen a maintenance space of the 
device. On the other hand, the footprint of the device is slightly larger than in the case 
of Fig. 91. With the structure of Fig. 92, the footprint of a cluster tool for a 300mm 

25 diameter wafer becomes 4.94mm^. The wafer conveyance chamber is not limited in 
shape to a hexagon, and the number of chambers connected to the wafer conveyance 
chamber is not limited to six. Fig. 90 - Fig. 92 are cases where two types of process 
chamber are joined together two at a time, but other combinations are also possible. 

Fig. 93 - Fig. 95 show arrangements of wafer conveyance robots inside the 

30 wafer conveyance chamber of Fig. 90. In Fig. 93, reference numeral 9301 is a wafer 
take-in chamber, reference numeral9302 is a wafer take-out chamber, reference numeral 
9303 is a process chamber, reference mmieral 6304 is a wafer conveyance chamber, 
reference numeral 9305 is a wafer conveyance robot, and reference numeral 9306 is a 
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wafer withdrawal unit. The wafer conveyance robot 9305a carries out wafer delivery 
between the wafer take-in chamber 9301, the wafer take-out chamber 9302 and the 
wafer withdrawal unit 9306a. The wafer conveyance robot 9305b carries out wafer 
delivery between the process chambers 9303a and 9303c, and the wafer withdrawal 

5 units 9303a and b. The wafer withdrawal unit 9306 has a function of holding one or a 
plurality of wafers. The wafer withdrawal unit can also serve to align ?? and notch 
positions of the wafer, or to heat and cool the wafer. 

In the example of Fig. 93, wafer delivery between wafer conveyance robots is 
carried out via the wafer withdrawal vinits, but the wafers can be delivered directly 

10 without installing the wafer withdrawal units. In the example of Fig. 93, since a 
plurality of wafer conveyance robots are provided, wafers can be taken into and taken 
out of the wafer take-in/take-out chambers and each of the processes chambers at the 
same time. As a result, the time needed to convey the wafers is shortened and 
throughput is iucreased. 

15 Fig. 94 is a structure comprising a plurality of the wafer conveyance chambers 

of Fig. 93. Reference numeral 9401 is a wafer conveyance chamber and reference 
numeral 9401 is a wafer withdrawal chamber. By varying the number of connected 
wafer conveyance chambers 9401 and wafer withdrawal units 9402, it is possible to 
arbitrarily vary the number of connected process chambers. It is also possible to 

20 routinely minimize the footprint of the cluster tool for an arbitrary number of process 
chambers. 

-In-FigT-95— reference-numeral-95-0.1-is-a-wafer_c.Ony.eyan ce robot. The wafer 



conveyance robot 9501 can move in the direction of the arrows in the draAving, and a 
single wafer conveyance robot carries out taking in and taking out of wafers for all 
25 wafer take-in/take out chambers and process chambers. In this example, since there is 
only need for a single wafer conveyance robot, the cost is reduced compared to the case 
of Fig. 93 . On the other hand, the time need to convey the wafer is lengthened and it is 
possible that throughput will be lowered. 

30 Industrial Applicability. 

As has been described above, according to the present invention, it is possible to 
realize a plasma device capable of forming a high quality and uniform thin fihn over a 
large surface area and at low temperature. 
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Also, the technical concept of the present invention is applicable to various 
plasma processes, and can realize a general purpose device, which means that it is also 
possible to significantly reduce maintenance costs etc. 
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